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Simplified Propeller Calculations 


IVAN H. DRIGGS, The Glenn L. Martin Company 


Presented at the Power Plants and Propellers Session, Sixth Annual Meeting, I. Ae. S. 
January 25, 1938 


INTRODUCTION 


METHOD by which the characteristics of a pro- 
peller may be computed with a good degree of ac- 
curacy, has been developed by C. N. H. Lock' provided 
the blade element lift and drag values are known. 
There is a possibility, however, that a radial flow over 
the blade surface due to the action of centrifugal force 
upon the boundary layer may introduce an appreciable 
but unknown correction to wind-tunnel results that 
make their application to propeller calculations ques- 
tionable. 

Measurement of the loss of head behind a propeller 
in both the thrust and torque directions made at a 
series of radii may provide a solution to this problem if 
such measurements are made with great care and if the 
observations at each section are made at constant ratios 
of the true speed of the sections to the velocity of sound 
for each pitch setting employed. 

This method has already been tried with little success 
by the staff of the N.A.C.A. using results reported in 
reference 3. This lack of success may be due to two 
causes: first, the propellers were run at various r.p.m. 
for the series of pitch settings employed, resulting in 
different section velocities for each angle of attack; 
and second, the uncorrected vortex theory was used in 
working back to the blade lift and drag values. This 
procedure may be likened to the use of uncorrected tests 
on an infinite multiplane airfoil to determine the charac- 
teristics of a monoplane. 


The author has also endeavored to use the tests of 
reference 3 to determine blade section characteristics 
and although the proper corrections were applied to the 
vortex theory for a finite number of blades, the results 
were but little more encouraging than the N.A.C.A. 
study. This is probably because of the speed effect 
noted above, as well as the fact that the Goldstein cor- 
rections! were only available at a series of percentages 
of the radius not coinciding with the test positions. 
This necessitated considerable re-plotting and inter- 
polation with consequent loss of accuracy. Further 
tests of this character should be run at percentages of 
the radius coinciding with the tables of reference 1, 
rather than at 6 in. intervals as was done in reference 3. 

Until tests as outlined above are available, from 
which blade element characteristics can be deduced 
with a reasonable degree of consistency using the 
methods given in references 1 and 2, the simplified 
scheme given in reference 2 must be followed. Using 
this method, the assumption is made that an equivalent 
single blade element with corresponding lift and drag 
values may be substituted for the whole propeller. 
Then the characteristics of this equivalent blade ele- 
ment are calculated from observed thrust and torque 
coefficients, using the charts developed by Lock. Once 
the blade element characteristics are determined, the 
same charts may be used to calculate the thrust and 
torque coefficients for another propeller differing in 
blade area or number only. The blade section, twist, 
and planform must not change from the test propeller. 
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This chart method is -useful in extrapolating test 
results to a different blade solidity or to different blade 
settings from the test. It is also useful in comparing 
the propellers of various blade sections and planforms, 
and in studying the effect of high tip speed. However, 
when it comes to the choice of the best propeller for a 
given problem the solution is not direct. Another 
analysis of the problem‘ eliminates this latter fault by 
using formulae for the calculations instead of charts, 
which formulae may be so handled as to give a direct 
solution to the problem of the best propeller to fit any 
airplane design condition. This method has the further 
advantage that the conceptions used are those of profile 
and induced drag with which all aeronautical engineers 
are familiar. Reference 4 does not, however, properly 
account for the Goldstein blade interference factor for a 
finite number of blades, or, to use aircraft terminology, 
the Munk biplane or triplane span factor is ignored. 
When the propeller is operating at low lift coefficients 
this approximation introduces practically no error but 
at higher lifts the difference in the induced power loss 
may be considerable, as it is in the case of an airplane. 

This paper approaches the problem of propeller 
analysis in a manner similar to that given in references 2 
and 4. The Goldstein correction' for a finite number 
of blades is retained but the formula method of refer- 
ence 4 is employed in the development. 


DERIVATION OF BASIC FORMULAE 


The following definitions apply to the symbols used 
in Fig. 1. 


V = Velocity of flight—ft. per sec. 
= Revolutions per sec. of the propeller. 


n 
r = Radius in feet at the section under considera- 
tion. 
R = D/2 = tip radius. 
@ = tan! V/2rnr = tan—! V/rnDX. 
X = r/R. 
dT = Thrust in pounds on element. 
dQ = Torque in ft. Ibs. on element. 
w = Induced velocity. 
W = V/sin ¢ = Velocity at section under consid- 


eration. 


Following the airplane convention, the vectors of lift 
and drag are drawn normal and parallel to the direction 


— 





of motion W, rather than to the true velocity compo- 
nent VW +w?. 








g = Dynamic pressure = '/2W? 
= '!/39 (2rnr/cos ¢$)?. 
dL = Lift of element in lbs. = C,qds. 


dD = Drag of element in Ibs. = Cygds. 
C = Chord of element in ft. 
ds = Area of element in sq.ft., = CdrN, where 


dr = length of element. 
N = No. of blades. 
dL = C,gCdrN and dD = C,qCdrN. 


Resolving the lift and drag vectors parallel to the 
thrust and torque axes, 





dT = CdrqN (C, cos ¢ — Cy sin ¢) 
dQ = CrdrqN (C, cos ¢ + C, sin ¢) 
dT = ('/2) pCN(2rnr/cos $)? dr (C, cos @ — 
C, sin ¢) 
dQ = ('/2)p CNr(2xnr/cos $)? dr (C, cos ¢ + 
C, sin ¢) 
Hence 
dC, = (2CNr*r*dr/D*) (C, cos ¢ — Cp sin )/cos? 
dC, = (2CNzx’r*dr/D*) (C, cos ¢ + C, sin ¢)/cos? o 
But R = D/2 and, by definition, X = r/R = 2r/D. 
¢ = solidity = CN/2rr = CN/rXD, by defini- 
tion. 
aX Do - x? - (XD)? - d(X)- D 
dC, = eS te, a + - 


C, sin ¢)/cos? ¢ 

(r3¢ X?/8)(2Xd(X)|(C, cos ¢ — C sin ¢) 
cos? ¢ 

(33/8)0X? d(X*) C,[1 — (C,/C,) tan ¢] 
cos } 


Since in reference 2 it has been assumed that the 
curve of dC, vs. d(X)* is approximately semi-elliptical 
in shape and that the area under this curve is then given 
by the product of a constant factor times the mid- 
ordinate, the same assumption is made here. The 
integrating factor used in reference 2 is 7/4, so that 
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Cy = (/4)dC,/d(X)* at X* = 0.5 
= (1*/32)X?(oC,/cos )[1 — (C,/C,) tan o] 
X = V0.5 = 0.707; the value of X = 0.7 will be 


used. 


Figs. 12 and 13 show a series of differential thrust 
coefficients plotted against X? at various values of J for 
the C-6 propeller at 6 = 15° and 27°. The numerical 
values for these curves were taken from reference 3. 
The quantity 7 is the ratio between the total thrust 
coefficient as obtained by integration and the value of 
dC,/d(X)? at X? = 0.49. It will be noted that the as- 
sumption that 7 = 7/4 is not greatly in error at the 
lower blade setting, and but slightly more for the higher 
blade setting at the low values of J. When possible 
inaccuracies in the experiments and in fairing the 
various curves are considered it is believed that using 
the value of 7 = 1/4 as above is amply justified. 
Therefore: 


C, = 1.5(¢C,/cos ¢)[(1 — (C,/C,) tan ¢] (1) 
Similarly : 

Cy = 1'/64 X3 (oC,/cos ¢)(C,/C, + tan ¢) 
Since the power coefficient Cp, = 27Cg 

C, m®/32 X* (@C,/cos ¢)[(Cp/C,) + tan ¢] 
At X = 0.7, 

Cp = 3.3 (eC,/cos ¢)[(C,/C,) + tan ¢] (2) 
ButC, = Cp, + Cp;, where 

Cp, = Profile Drag Coefficient. 


Cy; = Induced Drag Coefficient. 
Hence 
Cp = 1.5 (eC,/cos ¢)[1 — [(Cop/Cr) + 
(Cp,/C,)|tang] (3) 
Cp = 3.3 (cC,/cos ¢) [tan ¢ + (Cp,/C.) + 


(Cy:/Cz)] (4) 


Solving Eqs. (3) and (4) simultaneously for [(Cp,/Cz) + 
(Cp/Cz) I, 








(Coy C,) + (Cp;/Cz) 


= (Cp — 2.2 C; tan 9) 
(2.2C, + C, tan ¢) 

= (0.455C, — C, tan ¢) 
(C, + 0.455C, tan ¢) (5) 


Eq. (5) is readily solved for (C,,/C,) + (Cp;/C,) from 
thrust and power coefficient values measured for any 
propeller at various values of |’/nD. It is only neces- 
sary to calculate the value of C,,, the induced drag co- 
efficient, in order to calculate Cp,/C,, since C, may 
be determined from either Eq. (3) or (4) once (C>p,, 
C,) + (Cp;/C_) is found. 

Reference 1 gives an equation for the induced ve 
locity, w; (see Fig. 1) 


w = (1/4)0C,W cos a,/[K sin (¢ + a,)] 


where K = Goldstein correction factor for finite num- 
ber of blades (see Fig. 14). 
w/W = (1/4)eC, cos a,/[K sin (@ + a@;)] = sin a, 


Following wing theory, Cp,/C, = sin a,. Hence 
Cp:/C, = (1/4)eC, cos a,/[K sin (@ + a,) | (6) 


The above expression cannot be solved directly for the 
value of C,;/C,, but, if a series of values of a, are 
chosen, the values of ¢C, may be calculated and plotted 
for representative values of the advance ratio J = 
V/nD. This has been done and the curves of Figs. 2, 3, 
and 4 give the values of a; for 2, 3, and 4 bladed pro- 


pellers. 
Eq. (5) may be solved approximately as follows: 


sin a, = C,¢ cos a,/4K(sin ¢ cos a, + cos ¢ sin a@,) 
= (cC,/4K)[1/(sin @ + cos ¢ tan a,) | 


But tan a, = Cp,/C,, approximately, since sin a = tan 
a for small angles. Hence 


Cy/C, = (oC, /4K)\1/[sin @ + cos o(Cp, /C,)} 
Solving this equation for C,,/C,, 


Cy/C, = Ee I a 
(‘/2) tan @ (V1 + [oC,/(K sin @ tan ¢)]— 1) (7) 
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The value of C,, may now be calculated and plotted 
as a polar curve of the propeller. Since, from Fig. 1, 


a, =9—¢- a, 
a, = 6— @— sin“'C,,/C, (8) 


Using Eq. (8) the angle of attack of the section for 
infinite aspect ratio can be computed and the appropri- 
ate C, vs. a, curve plotted.* 

Eq. (7) becomes indeterminate at the static condition 
where ¢ = 0. It can be put into another form and 
solved for this condition, as follows: 





C,,/C, = (/s)[ Vtan? @ + (oC, tan ¢)/(K sin 6)— 
; tan ¢] 
(*/2)[ V tan? ¢ + oC,/(Kcos ¢) — tan ¢] 


(/2) Vo, at = 0 (9) 
Similarly, at ¢ = 0, 
(Cy), = o = 1.50C, (10) 
(Cp)g = 9 = 3.30(Co, + Co,) (11) 
Since the propeller efficiency, 7, is given by 


”n = (C,/C,p) X V/nD 

(V/nD)}1.50C,[1 — 

(C,/C,) tan ]/3.30C,[(C,/C,) + tan ¢]} 

= 455(V/nD)[(1 — (C,/C,) tan $]/[(Cp/C,) + 
tan ¢| 





II 





* The formulae developed above are also applicable to the de- 
termination of blade element lift and drag values from differen- 
tial thrust and torque readings. The chart method as outlined 
in reference 2 is so inflexible as to practically invalidate it as far 
as the test results of reference 3 are concerned. 
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20 °2«=2=~C«S 


But (1/7)(V/nD) = VX/2nr7r = X tan ¢. Hence 
V/nD = rX tan ¢, and 
_ (Co/Cz)(tan* @ + 1) 


_ tang — (C,/C,)tan?¢ — 
vie 7 (C,/C_) + tan ¢ 


tan ¢ + (C,/C,) 


C,/C, 
itn ne a 
cos? ( -P + tan 6) 
C, 
y — LE r/ Cr) + (Co/ Cr) 
= i 
cos’ ¢ (tan @ + + § =) os 


L L 


or, solving for C,/C, from Eq. (12), 


Ci, a nee 2 (13) 
1 — cos? ¢ (1 — n) 

Eq. (13) is very convenient for the determination of 
the value of C,/C, by graphical means. Fig. 5 has 
been prepared to facilitate this computation. This 
chart replaces Eq. (5). 


DETERMINATION OF THE PROPELLER POLAR CURVE 


Using the formulae developed above, it is now possible 
to calculate the propeller polar curve from measured 
thrust and torque coefficients. The procedure to be 
followed is facilitated by a table with headings such as 
those in Table 1. 

If the wind-tunnel tests, upon which the above 
calculation is based, were run on a full-scale propeller at 
tip speeds identical with those to be used in flight, the lift 
and drag values deduced above may be used for the 
calculation of the same propeller design as applied to 
any airplane using any solidity or number of blades. 
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Unfortunately the Propeller Research Tunnel at 
Langley Field does not provide sufficient wind velocity 
so that the higher values of J can be obtained with the 
revolutions that would be used in flight. This requires 
a lower r.p.m. at the higher values of J, thereby violat- 
ing one of the necessary conditions stated above. 
However, the work can be carried out only with the 
experimental results available. Fig. 6 shows the re- 
sults of this calculation for the Navy 5868 propeller 
with 2 and 3 blades at blade settings noted. Values 
are taken from reference 5. It is to be noted that the 2- 
blade and the 3-blade points fair equally well, substan- 
tiating the use of the Goldstein correction factor. 


THE COMPUTATION OF PROPELLER PERFORMANCE WITH 
POLAR CURVE GIVEN 
The constant-speed, constant-power coefficient pro- 
peller has the greatest interest at the present time and 
is the type considered below. 
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From Eq. (4), 
(C,/3.3) cos ¢ = oCp, + [cC, tan @ + oCy,] 


Since oC,, is a function of ¢ and oC,, the quantity in 
brackets is likewise a function of the same two varia- 


bles, that is, 
oC, tan @ + oC,, = f(¢, oC,) 


This function may be calculated and plotted against 
oC, with J = f(¢) as a parameter, similar to the plot- 
ting of Figs. 2, 3, and 4, for a. Figs. 7, 8, and 9 give 
such curves for 2, 3, and 4 blades. 

When C,, vs. C, derived for Propeller Research 
Tunnel tests are available, the propeller efficiency can 
be determined immediately for any given C,, ¢, and ¢, 
by use of the following procedure 


(14) 


(1) Plot oC,, vs. ¢C, using a chosen o, with the ori- 
gin at the left and with the same scales as in Figs. 7, 8, 
and 9. 











TABLE 1 
(1) 2) 3) ® 6 © (@ &®& (9) (10) (11) (12) (13) 
J=V/nD 1 4 ¢€C,/C, G& ee, a; sina, (4)—(8) (9 X 6) (10)/e @-@—- 6/c= 
=Co, C, = oC, = Cp, a= a C 
o = 455 CN/D, o = tan- (.455/), C = blade width at .7R, D = diameter, N = number of blades. 








. 
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(2) Calculate C, cos $/3.3 for the chosen J, at the 
required C,. 

(3) Place the plot of ¢C,, vs. oC, over either Fig. 7, 
8, or 9, with the distances between the origins of the 
two curves equal to C, cos $/3.3. 

(4) Read oC,, at the intersections of the polar curve 
and the proper J curve, from the chart. 

(5) Calculate oC, tan ¢. 

(6) Subtract oC, tan ¢ from C, cos ¢/3.3 to give oC >. 

(7) Determine C,/C,. 

(8) Find the efficiency from Eq. (12) or Fig. 5. 

(9) Repeat for various values of Jand plot. At J = 
0 the efficiency, of course, is zero. In this case Eq. (10) 
can be used to find the thrust coefficient, and then the 
static thrust. This procedure will be clear if reference 
is made to Fig. 10, which illustrates the intersection of 
the curve of J = 0.75 with the propeller polar. Table 2 
is convenient for this calculation. 

The calculation of the performance of a fixed-pitch 
propeller is not as simple as that outlined above for the 
constant-speed type, since it is necessary to calculate 
both the thrust and power coefficients for a series of 
values of J at each blade setting to be investigated. 

To determine the characteristics of a fixed-pitch 
propeller, oC, plotted against angle of attack, a, must 
be used. 

The method of solution, similar to that above, is out- 
lined below. 


(1) Plot oC, vs. a, to the same scale as Figs. 2, 3, or 
4, whichever applies, but with the origin at the left. 

(2) Calculate 6 — @ (which equals a, + a,) for the 
value of J under consideration. 

(3) Place the plot of oC, vs. a, over Figs. 2, 3, or 4, 
with the origins of the two curves @ — ¢ apart. 

(4) Read oC, and a; at intersection of the lift curve 
and proper J curve of Figs. 2, 3, or 4. 
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(5) Determine oC,, from the propeller polar at the 
proper oC, in the same way as for the procedure out- 
lined above. 

(6) Calculate Cp, as oC, sin a. 

(7) Calculate C,/C, as (¢@Cpy, + oCy,)/oC,. 

(8) Calculate C, from Eq. (1). 

(9) Calculate C, from Eq. (2). 

Fig. 11 illustrates the procedure. 


DISCUSSION 


It will be noted that the experimental points shown 
on Fig. 6 do not fall on the average curve particularly 
well, although the points do group about the curve in a 
consistent manner. This may be caused by experi- 
mental error, improper pitch distribution for the range 
of blade angles used, or variation in r.p.m. and velocity 
between the various values of J and @ used in the tests. 
Probably all three factors contribute to a certain degree. 

Fortunately, whirl tests from Wright Field are avail- 
able upon the same propeller. These static tests were 
analyzed using Eqs. (9), (10), and (11), and the results 
plotted on Fig. 6 for 800 and 1400 r.p.m. It will be 
noted that the Propeller Research Tunnel experimental 
points fall between the above curves, and that the gen- 
eral shape of the curves is identical within the range 
tested. This suggests that possible discrepancies be- 
tween the various points may be more because of a 
speed effect than any other factor. This speed effect 
includes changes in blade characteristics due to the 
compressibility burble and twisting of the blades, as 
well as effects of Reynolds Number. It can be seen 
that propeller tests run under any conditions other than 
those to be used in flight, may lead to erroneous results. 
It is possible that low r.p.m. tests in the Propeller Re- 
search Tunnel will be considerably in error on the un- 
safe side. It is hoped that further work will clear up 
this point. 





TABLE 2 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 
J d cos > tan@ C,cos¢@ oC, oC,tand@ (5)-—(7)= (8)/(16) n 
3.3 oCp = CAC, 





0 = tan-! (0.455J). 
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Examination of the formulae developed here suggests 
the following useful facts. 

(1) The power put into the slipstream is dependent 
solely upon the propeller diameter, the thrust, the 
speed, and the altitude. Since the diameter should be 
chosen at its upper limit consistent with reducing the 
losses because of excessive tip speed, the induced power, 
or, otherwise expressed, the power lost in the slip- 
stream, is a given quantity, and therefore, need not be 
considered when comparing various propeller designs. 
This is analogous to the induced drag of an airplane, 
1.e., when the span has been decided for a given weight, 
the induced power loss is then determined and cannot 
be affected by changes in wing profile, shape of body, 
ete. This follows from Eq. (4), which gives 


CPina = 3.3(6C,,/cos o)(C), C,) 


Substituting Eq. (7) for C,,/C,, 


Cp,,,. = 3.3(0C,/cos ¢) X ('/2) tan ¢@ 
_ = 
\' + — hs ) — | 
K sin ¢ tan ¢ 


Since [(Cp,/C,) + (Co,/C,)] tan ¢is a very small quan- 
tity because when the quantity within the brackets is 
large tan ¢ is small and vice versa, Eq. (3) becomes 


C, = 1.5 oC,/cos ¢, approximately 


w 
AO 
Os 







;1e 
Fievee 4 

K vs Sw (@rai) 

21,3,.&4 Buaves % 


x* 70° 





+e 


4o 


sim (@ +a,) 


© 1o 20° se 4o So eo 7° eo vo 


Then Cp,,, = 1.1C; tan@ a + Gr oe ¢ = 
\ L5SK sing tan®@ 
= 1.1C, [V/ tan?¢ + (C,/1.5K) — tang] 
Changing to a power equation by multiplying by p*D*, 
Pina, = 1.1 TnD[ V tan? ¢ + C,/1.5 K — tan 9] 
But tan @ = 0.455 (V/nD). Hence 


Pring, = 1.5 TnD (0.455n -) + : ie 
nD 1.5 Kpn? D# 


( 455 
nN 


and, finally, 


Pina. = 1.5T 0.455 V2 + — J — — 0.455 V 
1.5 KpD? 


(2) The static thrust per unit of power increases 
with a decrease in tip speed. 


Egs. (9), (10), and (11) give 


(C,/Cr)y = o = 3.30(Cp, + Cy,)/1.5 6C, 
Cp ? Cy Cp ) l 
= »)» U > U 
= 29 —2 4 —) = 221-7 + 
(& "A (é "hboe. 
P C.. l 
but — = ‘ nD = 2.2nD PE +- Val, 
7 Cs Ce 2 
c . 4 - | — 
= 0.7mnD | —? + — VoC,| ~ 0.7enD me T+ 
C, 2 C, 
} rr | 


y 2p(2/+4)D? \ 


The above statement follows from this equation (since 
mnD is the tip speed) provided C,,,/C, and oC, are 
taken as constants. 

Inspection of Fig. 6 shows that at a rather definite 
point the value of C,,, increases very abruptly as C, in- 
creases. This point might be called the critical lift 
coefficient and propellers should be so designed that it 
never would be exceeded. 
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To do this requires a very low blade loading, if that 
term may be used to express the idea of a low thrust 
per unit area of blade. Modern propellers are loaded 
in such a way that the critical lift coefficient is generally 
much exceeded at zero advance. 

(3) The tip speed for greatest efficiency is equal to 
the velocity of advance in the same units. This follows 
from the equations for propeller efficiency which shows 
that 7 is a maximum when ¢ = 45°, approximately. 

Many more interesting and useful facts may be 
brought to light by a study of these formulae, but space 
does not permit of their study here. 
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ABSTRACT 


Northerly turning error in the conventional magnetic compass 
is produced by accelerations during turns. The mechanism of 
these errors is completely described throughout the turn and a 
method is pointed out for minimizing the effects in practice. 
This procedure involves the use of bank angles less than a critical 
value which varies with magnetic latitude. A mathematical 
study is made of improvements possible in compass performance 
by changing the dynamic coefficients of the instrument. The 
results show that (1) the error may theoretically be eliminated by 
using a sufficiently long undamped period of the card about the 
normal axis and (2) increases in damping forces cannot eliminate 
turning errors. 


SUMMARY 


N PART I, an analysis is made of the errors of the 
conventional magnetic compass for aircraft due to 

accelerations experienced in making a complete turn. 
The mathematical results are checked by flight tests of 
representative types. 

In Part II, the effect of undamped period of the com- 
pass card about its normal axis and also the effect of 
damping about this same axis on northerly turning error 
is studied to show the possibilities for improved design. 


INTRODUCTION 


Magnetic compasses are intended to indicate azimuth 
to the pilot. This function is reasonably well carried 
out in straight flight, but the instrument fails badly in 
turns just when it is most needed. The turning error 
is most pronounced when the airplane turns out of a 
northerly course, the observed effect being that in the 
initial instants, the compass indicates a turn in the 
wrong direction. Hence the term “northerly turning 
error.’ Turning errors due to the same general cause 
are present when turns are made from straight courses 
in any direction. For example, when a turn is made 
out of south, the compass initially indicates a turn in the 
proper direction but greatly exaggerates to the pilot 
the angle turned by the airplane. On turns made from 
courses intermediate between north and south, the 
above effects will be proportional to the northerly or 
southerly component of the course. 

Considering a 360° turn out of north to the west, 
it is further observed that if the angle of bank is small, 
the card during the first few degrees of turn shows a turn 
in the wrong direction, then reverses and shows a turn 
in the proper direction, always pointing west of north 
during the first 90° of the turn. When the airplane is 


heading west, the compass will momentarily be sub- 
stantially correct. During the next half turn, from west 
through south to east, the compass points east of north, 
the amount of this error becoming a maximum when 
the airplane is headed about south. At east again, 
the compass will momentarily read correctly. During 
the remaining 90° of the turn, the compass will again 
point west of north, reaching a maximum error as the 
turn is completed. 

On the other hand, if the angle of bank is large, the 
compass card initially shows an exaggerated turn in the 
wrong direction so that by the time the airplane has 
turned 90° and is heading west, the compass needle 
points south instead of north, thus having turned 
180° from north through west to south, during the time 
the airplane has turned 90°. While the airplane con- 
tinues to turn from west through south to east, the 
compass turns 180° from south through east to north. 
So again, momentarily the compass indicates correctly 
when the airplane has completed 270° of a 360° turn 
out of north. During the final 90° of turn, the compass 
points west of north, this error reaching a maximum as 
the turn is completed. This means that the card has 
rotated through 360° in the same direction as the air- 
plane. Further, during a considerable portion of the 
turn, the card rotates at much the same rate as the 
airplane, so that to the pilot, no turning motion is indi- 
cated. That is, the card ‘‘sticks’’ with the airplane. 
Thus the general result is that the compass shows the 
pilot either a turn in the wrong direction or no turn at 
all. 

The above mentioned oscillations and rotations of 
the card are absolute motions and are described as 
they would appear to an observer not turning with re- 
spect to the earth. To the pilot, the observed motion 
of the card will be the difference between the absolute 
motion of the card and the motion of the airplane. 

These turning errors have been present in aircraft 
compasses ever since the first types were developed. 
They have been studied by various investigators,'~* but 
extension of previous work on the subject has been 
found necessary if compass performance is to be com- 
pletely described and understood. It is the purpose of 
this article, therefore, to make a quantitative analysis 
of turning errors. The aircraft magnetic compass is 
also subject to variation and deviation errors which are 
not treated here due to the widespread understanding 
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of their character and the ease with which they are 
corrected or accounted for. 


SYMBOLS 


X, Y, Z = Axes fixed to earth, X pointing magnetic 
north, Y magnetic west, Z up. 

x,y, 3 = Axes fixed to card, x intersection of plane 
containing magnetic moment and hori- 
zontal plane, z card normal, and y per- 
pendicular to plane formed by x and z 
axes. 

o, ¥, 9 = Euler's Angles. ¢ = angle between X 

and line of nodes. 
Y = angle between line of 

nodes and x. 

angle between Z and 


2 
II 


- 
per 


= Mass of card. 

= Distance from pivot to c.g. of card. 

Acceleration of gravity. 

= Resultant linear acceleration force acting 
on card. 

M = Magnetic moment of card. 

H = Resultant earth's field vector. 

H, = Projection of earth's field in plane of card. 


Soe a 3 
II 


I = Moment of inertia of card. 

y = Angle of dip of earth's field. 

c = Damping coefficient of card. 

w = Angular velocity of card. 
w, = Angular velocity of liquid near card. 
P = Pivot friction torque. 

t = Time elapsed since start of turn. 


7 Time required by airplane to turn 360°. 
T,, = Undamped period of card. 
h = ¢+ ¥ = Error angle of card. 
vy = Angle between north and /7.. 
In the text, subscripts added to the symbols refer 
the quantities to the xys axes. That is, J, is the 
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Fic. 2. Projection of earth’s field in plane of card. Air- 
plane banked 30° and headed north. 


moment of inertia of the card about the x axis, c, is the 
damping coefficient for rotations about the x axis, etc. 


I. NORTHERLY TURNING ERROR OF CONVENTIONAL 
TYPES 

All modern types of compass cards are very pendu- 
lous in order to overcome the effect of the vertical com- 
ponent of the earth’s magnetic field and make them 
hang level through a wide range in magnetic latitude, 
and in order to stabilize them during straight flight. 
This means that the card tilts with the airplane in the 
course of a well-banked turn. Now assume that the 
chief influence which causes any motion of the card 
about its normal axis is due to the magnetic torque 
introduced by this tilting of the card. It will be shown 
in part II that this is indeed the case. 


Kinematics 


In order to study the nature of this magnetic torque, 
consider the physical nature of the projections of the 
earth’s field on the plane of the card during a turn from 
a northerly course. 

Fig. 1 shows the horizontal and vertical components 
of the earth’s field. When the card is level the field 
acting in the plane of the card is simply //,. Fig. 2 
shows the card tilted 30° about its N-S axis as though the 
airplane were starting a turn out of north to the west. 
IT, is still in the plane of the card pointing north, but 
now /, has a projection H/,. pointing “downhill” in 
the plane of the card, that is, toward the west. The re- 
sultant field in the plane of the card //,, is the resultant 
of H,, and /H,., and points considerably west of north. 
Thus the instant the airplane banks to turn out of a 
northerly course, the field in the plane of the card ro- 
tates in the same direction as the airplane but at a faster 
rate. If the card responds to this movement of the 
field, an exaggerated turn in the wrong direction is thus 
indicated to the pilot. 
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Fic. 3. Projection of earth’s field in plane of card. 
Airplane banked 30° and headed northwest. 








Fic. 4. Projection of earth’s field in plane of card. 
Airplane banked 30° and headed west. 


Fig. 3 shows the situation when the airplane has 
turned, say 45°, and is heading northwest. Now H, 
has a component in the plane of the card /7,,, pointing 
essentially north. Again //, has a downhill component 
in the plane of the card H,, pointing southwest. The 
resultant field in the plane of the card, #7,, is the re- 
sultant of H,. and H,,, and points further west of 
north than in Fig. 2. 

When the airplane has turned 90° and is heading 
west as in Fig. 4, 7, points north, but //,, points 
south. The resultant of H,, and /7/,,., H,, for the con- 
dition shown, points south so that if the card responds 
to this motion, there will be a 180° error at this point. 
Thus /7, has rotated 180° from north through west to 
south while the airplane was turning 90° from north 
to west. As the turn is continued, H, will continue to 
rotate in the same direction and at approximately the 
same rate as the airplane, so that when the airplane is 
heading east, having turned through 270°, H, will again 
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Fic. 5. Direction of earth’s field in plane of card during 
a turn out of north through west for various angles of 
bank and for an angle of dip of 72°. 


point north and a responsive card will read correctly. 
If the angle of bank is somewhat smaller than that 
shown in Fig. 4, /7/,, will predominate over //,,, and 
the resultant //7, will point north. If this is true, 7, 
will only oscillate about north during the period of the 
turn. For the angle of bank shown, //, rotates through 
360° as the airplane turns through 360°, so that a re- 
sponsive card can starcely be expected to read cor- 
rectly when the magnetic torque influencing it itself 
rotates through 360°. 

Whether //, rotates through 360° or oscillates about 
north depends on the angle of bank, @, and the angle of 
dip y, which determines the relative magnitudes of 
H,, and H,. 

If 6 > 90° — vy, the field sweeps around as the air- 


plane turns. 
If @ < 90° — y, the field oscillates about north, as 


the airplane turns. 
The dividing line is a discontinuous case when 
6 = 90° — vy, when the field may either sweep around 
through 360°, or oscillate about north as the airplane 
turns. Analytically, the expression for v, the angle 
H, makes with north, is 
ey (27t/T,) (1) 
cot y cot 6 — sin (2rt/T.,) 
where 2z7t/7., is the angle turned through by the air- 
plane. The two cases described above occur as one 
term or the other in the denominator of Eq. (1) pre- 
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Fic. 6. Critical angle of bank throughout the world. 
(From H. O. Chart No. 1700). 


dominates. Fig. 5 shows in graphical form the angle 
v as the airplane turns out of north to the left through 
360° for various angles of bank. The magnitude of 
H, also varies throughout the turn, but this variation 
only becomes important for very steep angles of bank. 
For angles of bank less than 30°, the magnitude of //, 
may be considered to remain constant. The angle of 
dip used in Fig. 5 is 72°, which is the value for the mag- 
netic latitude of New York. Thus the critical angle 
of bank is 90° — 72° = 18°. For angles of bank 
greater than 18°, the field rotates through 360°, whereas 
for angles of bank less than 18°, the field oscillates 
about north. 

Fig. 6 shows how this critical angle of bank varies 
throughout the world. Progressing south from north- 
ern magnetic latitudes, the critical angle of bank in- 
creases until at the magnetic equator, banks of 90° 
could be made without having the field rotate in the 
plane of the card. There is, therefore, no northerly 
turning error in low magnetic latitudes, and this is 
confirmed by the observation of many pilots. Con- 
tinuing southward, the critical angle of bank again de- 
creases, but in the southern magnetic hemisphere, the 
above phenomena would take place on turns out of a 
southerly course rather than out of a northerly course. 
So, a pilot desirous of keeping his compass card from 
rotating with the airplane during a turn may achieve 
this result by banking less than the critical angle in 
his locality, as shown in Fig. 6. 
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Experimental installation in airplane. 


Fic. 7. 


Experimental Check 


In order to obtain accurate data on compass be- 
havior during northerly turns, flight tests were made 
on four typical, modern compasses ranging from the 
fast 4-second half-period to the aperiodic type. The 
dynamic coefficients of these compasses were measured 
in the laboratory and are listed in Table 1. These co- 
efficients cover a sufficiently wide range to include all 
conventional compasses. The compasses were mounted 
one at a time on a board along with a directional gyro, 
artificial horizon, stop watch, airspeed indicator, and 
altimeter. The board was installed in a Ranger Fair- 
child 24 airplane and the compasses were separately 
compensated within 2° on all headings. Continuous 
motion pictures were taken of this board during the 
maneuvers. The complete setup in the airplane 
is shown in Fig. 7. The maneuvers made were 90°, 
180°, and 360° turns out of north for various angles of 
bank. The northerly turning errors of the various 
compasses are plotted in Figs. 8, 9, and 10. Also, the 
proper earth’s field projection in the plane of the card 
taken from Fig. 5 is superimposed in each case. 

Fig. 8 is for an angle of bank of 10° and shows how 
the compass oscillates about north, initially indicating 
a turn in the wrong direction, pointing west of north 


TABLE 1 


Dynamic coefficients of compasses used in flight tests in C.G.S. units. 
Coefficients measured at 70°F., in a magnetic field having a horizontal intensity of 0.17 gauss. 








I, 
Including 
Virtual 
Compass Mass Effect Cs M, 
A 739 240 1140 
B 285 66. 1 470 
Cc 149 55.0 610 
D (Aperiodic) 39.2 23.8 47 


First Un- 
Overswing Percent damped 
Damped Initial Critical Period T./7,, 10% 
Period Amplitude Damping : 7, = 120 
15.2 34 .o2 12.3 . 1024 
14.2 49 .22 11.9 .099 
8.9 49 .22 7.5 .063 
26.5 .06 19 15.5 .129 
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during the first 90° of turn, reading correctly when the 
airplane is heading west to southwest, pointing east of 
north for the next 180° of turn, reaching a maximum 
when the airplane is heading southwest to south, again 
reading correctly when the airplane is heading east, 
and finally once more pointing west of north during 
the remaining 90° of turn. The superimposed curve 
falls well within the range of the flight records. 

Fig. 9 is for an angle of bank of 30°, and shows how 
the compass rotates through 360° as the airplane turns. 
After initially indicating an exaggerated turn in the 
wrong direction, the card continues to rotate, having 
turned 180° through west to south, when the airplane 
has turned slightly over 90° and is heading approxi- 
mately west. For the next 180° of turn the card con- 
tinues to turn, keeping about 90° ahead of the airplane 
so that when the airplane is heading east, having 
turned through 270°, the compass is momentarily cor- 
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Flight test records for angles of 16°, 18°, 
and 20°. 


rect, that is, it points north again. During this inter- 
val, the card rotates in the same direction and at about 
the same rate as the airplane, so, to the pilot, the card 
appears to “‘stick’’ with the airplane. During the 
final 90° of turn, the compass again points west of 
north, reaching a maximum as the turn is completed 
and subsequently settling back on the meridian, off the 
end of the chart. 

Fig. 10 is for angles of bank of 16°, 18°, and 20°, and 
shows clearly the existence of the critical angle of 
bank. If the angle of bank is slightly under the critical 
value, curves of the general nature of Fig. 8 are ob- 
tained. If the angle of bank exceeds the critical value, 
curves of the general nature shown in Fig. 9 are ob- 
tained. Here, too, the compass initially indicates a 
turn in the wrong direction. When the airplane is 
heading west to southwest, the card momentarily reads 
correctly or has an error of 180°, depending on whether 
it oscillates about north or rotates through 360°. 
During this period, the compass has always pointed 
west of north. During the next 180° of turn, the com- 
pass points east of north, the card which rotates de- 
creasing its error from 180° to 0°, the card which oscil- 
lates increasing its error until the airplane is approxi- 
mately heading south, then decreasing its error to 0°. 
Thus again, when the airplane has turned 270°, the 
card in either case is correct, that is, pointing north. 
During the last 90° of the turn, the card once more 


points west of north. Note that after the airplane has 








. 


350 JOURNAL 


Ina} 








q 
N 
I< 


YH4jygyyyyhhs3$ 
C777) 2 \ Veensonn PLANE 
CLAM Ai 


LINE OF Nooes 


bel 


Fic. 11. Eulers Angles. 

passed through south, the card behaves the same 
whether it has previously turned with the airplane or 
oscillated about north, due to the fact that the two 
branches of the field vector are identical for the last 270° 
of the turn. These two branches, separated by 360° 
only serve to indicate whether the card has rotated with 
the airplane or oscillated about north. 


Conclusions 


In Figs. 8, 9, and 10, it will be observed that the 
flight data fall within a narrow range. This means 
that although the compasses tested include the com- 
plete range of conventional types, the fundamental 
differences in their designs are insufficient to produce 
any significant differences in behavior during a north- 
erly turn. Also, the flight data show close agreement 
with the motion of the field vector except when the 
field vector is changing direction very rapidly as in Fig. 
10 when the airplane is heading west. This means 
physically that dynamic effects are insignificant during 
the major portions of the turn since any lack of agree- 
ment of the flight data with the field vector is due to 
the dynamic effects of the card caused by the action of 
the inertia and damping torques. Therefore, Fig. 5 
represents to a good degree of approximation compass 
error for all conventional types during a northerly turn 
for the magnetic latitude of New York. 


II. Dynamic EFFECTS 


It has been shown in part I that conventional com- 
passes exhibit similar behavior during a turn out of 
north in spite of the differences in their dynamic co- 
efficients. This leads to the conclusion that these 
differences are not large enough to produce any material 
change in behavior. In order to study the effect of 
much larger inertia and damping torques than are 
embodied in present types, theoretical methods must 
be used. This is done in order to indicate the possi- 
bilities of building a pendulous compass by which turns 
out of north can be made. It is effected by developing 
the completely general equations of motion for the 
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Fic. 12. Accelerations acting on compass card. 


compass card, from which the special case under con- 
sideration readily follows. 


General Equations of Motion 


The motion under consideration is that of a rigid 
body having three degrees of freedom, namely, pure 
rotation in space. Translation has no effect in rotating 
the card except when the airplane is accelerating in a 
straight line, which case is not considered. The most 
convenient way of representing the motion of pure rota- 
tion is with the aid of Euler’s angles as shown in Fig. 11. 
The right-handed axes X, Y, and Z are fixed with re- 
spect to the earth, X pointing magnetic north, Y mag- 
netic west, and Z up. The card axes are x, y, and z with 
x the intersection of the plane containing the magnetic 
moment vector with the plane of the card, z the card 
normal, and y perpendicular to the plane formed by x 
and z. The angles ¢, y, and @ completely specify the 
position of the card with respect to the fixed axes and 
relations are readily written down which enable the 
transfer of vectors from one set of axes to the other." 

Next consider the five types of torques acting on the 
card which are: torque due to linear acceleration force, 
including torque introduced by gravity, damping 
torque, inertia torque, magnetic torque, and pivot 
friction torque. Torque due to linear acceleration 
force is equal to the product of the mass of the card, 
the resultant of the completely general accelerations 
shown in Fig. 12, and the perpendicular distance be- 
tween the resultant acceleration vector passing through 
the center of gravity of the card, and the pivot. Or, 
if the product of the mass and the resultant acceleration 
is indicated by F, the torque acting is the vector 
product'? |x F where / is the vector from the pivot 
to the center of gravity assumed to be in the xz plane 
as shown in Fig. 13. Since compasses contain damping 
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Fic. 13. Position of center of gravity of compass card. 
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Fic. 14. Magnetic moment of compass card. For mag- 
nets in plane of card M, = 0. 
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Fic. 15. Computed error of compasses having various 
undamped periods for angles of bank of 10° and 30° 


liquid, there will also be torque due to acceleration force 
caused by the buoyant force acting, which will have the 
same analytical nature as the above torque but will be 
subtractive from it; so is considered to be included in 
the same, in order to avoid complicating further the 
equations of motion. Damping torque is approxi- 
mately proportional to the relative velocity between 
the card and the liquid in the region of the card. 
Inertia torque is proportional to the product of the 
moment of inertia of the card about the instantaneous 
axis of rotation and the angular acceleration. Mag- 
netic torque is equal to the product of the magnetic 
field and the sine of the angle between these vectors, 
always tending to reduce this angle. If M is the mag- 
netic moment vector and H the resultant earth's 
field vector, the magnetic torque is the vector product 
M.«H. The relationship of these vectors to the sys- 
tem of axes is shown in Figs. 14 and 1. Thus M will 
be seen to have a z component as shown, which permits 
the analytical expressions to deal with the case of 
tilted magnets. Pivot friction torque, denoted by P 
is constant in magnitude and always opposes the 
motion. 

Since there are three degrees of freedom, three equa- 
tions are necessary to completely specify the motion. 
Referring all vectors to the card axes and expressing 
the above torques in terms of Euler’s angles, the com- 
pletely general equations of motion are given below. 
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In these equations the sense of all angles and distances are taken in a positive sense as measured in a right-handed 
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M,H : , 
: — [cosy siny + sing cosy cosé + tany cosy sind] + P, = 0 (4) 


These equations are too complicated to solve for the general case but do serve as the basis for the writing down 


of any simplified cases of special interest. Next, make assumptions in order to reduce the general equations of 


motion to more usable form. 


Simplified Equation of Motion for Conventional Compass 


As has been stated above, all modern types of compass cards are very pendulous, which degree of pendulousness is 
sufficient to cause the card normal to follow almost exactly the resultant acceleration. This means that the card 
banks with the airplane if there is no sideslip or skid during the turn. This also means that acceleration forces 
can have only minor effects in rotating the card about its normal, the large effect being to tilt the card normal away 
from the vertical. This further means that the longitudinal axis of the airplane becomes the line of nodes for the 
compass card. Expressing this in vibration theory terminology, the natural period of the card about any hori- 
zontal axis is much shorter than the time required for the resultant acceleration to deviate from the vertical. 
Hence, the angle between the card normal and the resultant acceleration remains small. Now, since the card 
banks with the airplane, the motion about the x and y axes is specified by the motion of the airplane so that there 
is no further need of Eqs. (2) and (3). The problem is thus reduced to motion of one degree of freedom—that of 
rotation about the z axis. Further, since it is assumed that linear acceleration force torque has little effect in 
rotating the card about its normal, this term, the third in Eq. (4), can be eliminated. Pivot friction in a good com- 
pass can be neglected during maneuvers. The liquid in the region of the card is assumed to remain at rest during 
the turn, giving the condition known as space damping and making w,, = 0. The remaining assumption is 
that the angle of bank is small enough so that the sine of this angle may be replaced by the angle itself and the 
cosine by 1, which holds within 2.5 percent for the sine and within 15 percent for the cosine up to 30°, the steepest 
angle of bank considered. The assumption that the angle of bank is small also leads to our definition of the error 
angle of the card. Rigorously, this angle is the angle between the X and x axes measured in the plane containing 
But if the angle of bank is small, the error angle of the card, called \, is closely approximated by the 


these axes. 
When all the foregoing simplifications are made, Eqs. (2), (3), and (4) reduce to a single equation 


sum of ¢ and y. 
of motion of the card about its normal axis: 


























NORTHERLY TURNING COMPASS ERROR 
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+ M,H cosy (1 + tany sing siné) sink = — (V,/7 cos y)cosd tany cosy siné 


(5) 


The magnetic torques in this equation are of two types, a restoring torque due to the horizontal component of 
the earth's field on the left side of the equation, and a disturbing torque due to the projection of the vertical com- 
ponent of the earth’s field on the plane of the card on the right side of the equation. 

The dynamic torques, inertia, and damping, cause the card to oscillate about and lag behind the resultant of the 
field projections in the plane of the card, the amount of these effects depending on the magnitude of the dynamic 


coefficients. 


The solution by series of Eq. (5) makes possible the evaluation of oscillatory and lag effects. In 


similar fashion, by making suitable assumptions, the general equations of motion may be applied to special cases 


of interest other than the northerly turn of a very pendulous compass card. 
more convenient to express the magnetic torques in Eq. (5) as a single torque. 


I d?r dx 


+ ¢ ~ M, | 


* dt? * dt 


Before solving Eq. (6), an expression for v as a func- 
tion of time must be written down which is readily ef- 
fected by fitting an analytical expression to one of the 
curves in Fig. 5. There is now no difficulty in solving 
Eq. (6) by standard methods. The initial conditions 
determining the boundary values for the solution give 
some difficulty due to the fact that Eq. (6) assumes the 
airplane to be already banked, whereas in the actual 
case, the bank is built up gradually to its final value. 
This difficulty was overcome by simultaneously solving 
the general equations of motion Eqs. (1), (2), and (3), in 
simplified form. This special solution only holds 
for the first few degrees of the turn so cannot be ap- 
plied to the complete turn of the airplane. It does 
serve, however, to establish the boundary values for 
Eqs. (5) and (6), and has been proved valid by flight 
tests. Further, the solution of Eq. (6) is only valid if 
the argument \ remains small due to the assumptions 
made above. For cases where \ grows too large, Eq. 
(6) may again be rewritten in terms of a different argu- 
ment, as for example vy — \ which is the lag angle of the 
card behind the moving field, and which remains small 
if the dynamic effects are not significant. 

Curves may now be computed which will predict the 
performance of compasses having larger dynamic co- 
efficients. 


Conclusions 


First, the effect of undamped period on northerly 
turning error will be investigated. This effect is 
studied in Fig. 15 which is a plot of the northerly turn- 
ing error of cards having varying undamped periods 
for a 10° bank and a 30° bank. The amount of damp- 
ing is sufficient to prevent oscillation. For the 10° 
bank, the error is small in any case and sufficiently 
large undamped period can reduce this to a negligible 
value. For the 30° bank, the first increases in un- 
damped period have no effect in preventing the card 
from rotating with the airplane. The card does lag 
further behind the rotating field vector but is eventually 
carried around by it. Such a combination is no im- 
provement over present types except in the initial in- 


For certain computed curves it is 
If this be done Eq. (5) becomes: 


H,| sin (v — d) = 0 (6) 


stants of turn, when the card lags sufficiently to show 
the pilot the proper direction of turn. It might well 
serve as an instrument for flying a straight northerly 
course, for small deviations from the course such as 
would occur in rough air would have no influence on 
this compass, whereas the conventional compass is seri- 
ously affected by such deviations. It is worse than 
present types in that after the turn is completed, such 
a compass would take a long time to settle back on the 
meridian due to its long period. Not only is it useless, 
then, during the greater portion of the turn, but also, 
it remains useless for a considerable interval after the 
turn is completed. As the undamped period is further 
increased, however, a critical value is reached when the 
card lags behind the rotating field vector sufficiently to 
prevent the card from rotating with the airplane at all. 
The time required for the airplane to complete its turn 
is now sufficiently short compared to the natural period 
of the card that the card responds very little to the dis- 
turbance. This indicates a theoretical possibility in 
improving compass behavior. Practical difficulties are 
numerous and might prevent such an instrument from 
being successfully used. The curves show, then, that 
there is no hope of materially reducing northerly turn- 
ing error of the conventional type compass unless the 
undamped period is sufficiently long to prevent the 
card from rotating in response to a turn of the airplane. 
The period required would be of the order of magnitude 
of 10 minutes for normal airplane turns. Any half- 
way measures are detrimental due to the serious after- 
errors, unless there is proved to be a need for a straight 
course flying instrument. 

Next, consider the effect of damping on northerly 
turning error. On this point, there has existed much 
Computed curves are shown for angles of 
The different curves 


confusion. 
bank of 10° and 30° in Fig. 16. 
are for varying amounts of damping, from none at all 
to critical damping, the undamped period being held 
constant at the value used in modern types. Study 
of these curves will quickly make apparent that in 
creased damping above the slight amount required to 
prevent oscillation does not help at all in reducing 
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Fic. 16. Computed error of compasses having various 
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turning error. Further, excessive damping lengthens 
the time required for the card to settle on the meridian 
after the turning motion is over. Also, excessive 
damping torque influences the card away from the 
meridian due to the increased momentum transmitted 
through the liquid from the bowl to the card. This is 
A moderate amount of 


commonly known as swirl. 
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damping is useful in preventing the card from oscillat- 
ing excessively and thus gives a steadier, more easily 
read card. 

The above considerations show that the modern 
type of aircraft compass can only with great difficulty 
be freed of northerly turning error. Further problems 
concerning the magnetic compass for aircraft are under 
study and will be presented at a future date. 

The authors wish to express their thanks for co- 
operation in this research to Elmer A. Sperry, Jr., of 
Sperry Products, Inc., Paul Kollsman of the Kollsman 
Instrument Company, and W. A. Reichel of the Pioneer 
Instrument Company. 
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SUMMARY 


i en altitudes above sea level of the gondola of the 
stratosphere balloons of W. E. Kepner, Albert W. 
Stevens, and Orvil A. Anderson in the flight made 
on July 28, 1934 and of Stevens and Anderson in the 
flight made on November 11, 1935 were determined by 
two independent methods. In the first method, data 
on air pressure and air temperature were obtained in 
flight by means of suitable instruments and the altitude 
computed using the commonly accepted barometric 
formula. In the second method, photographs were 
taken vertically below the balloon at intervals of about 
90 sec.; from a knowledge of the equivalent focal 
length of the camera lens and from measurements on the 
film of the distance between landmarks for which the 
distance apart on the ground and the elevation above 
sea level were available from surveys, the altitude is 
readily computed. 

In the 1935 flight C. W. Hemple obtained altitudes of 
the balloon from measurements on the vertical angle 
from a network of ground stations. 

Considering the 1934 flight results, for 32 compari- 
sons in the range from 42,000 to 62,000 ft. above sea 
level, the average difference between the altitudes 
calculated by the barometric and photogrammetric 
methods was 0.7 percent without regard to sign. On 
the average the barometric altitude was 30 ft. higher 
than the photogrammetric. 

For the 1935 flight, for 60 comparisons in the range 
from 59,000 to 72,000 ft. above sea level, the average 
difference was 0.36 percent without regard to sign and 
the barometric altitude was 93 ft. lower on the average. 
The altitudes obtained by vertical angle measurement 
and the other two methods were also in satisfactory 
agreement. 

The flights were made as joint projects of the National 
Geographic Society and the U. S. Army Air Corps. 


INTRODUCTION 


Stratosphere balloon flights were made by Kepner, 
Stevens, and Anderson on July 28, 1934, and by Stevens 
and Anderson on November 11, 1935, as joint projects 
of the National Geographic Society and the U.S. Army 


* Publication approved by the Director of the National 
Bureau of Standards of the U. S. Department of Commerce. 


Air Corps. Both flights started from the natural bowl 
near Rapid City, S. D. 

The altitude of the gondola of the balloon was de- 
termined for both flights by the barometric formula 
commonly used for determining accurately the altitude 
of aircraft, and also from photographs made vertically 
downward from the gondola. In the 1935 flight Hemple 
obtained the balloon altitude from observations of 
vertical angles from a network of stations occupied by 
transits. A comparison of these altitudes afforded an 
independent check of the barometric formula. Quite 
satisfactory. agreement in the altitudes was obtained 
in the 1934 flight, but more reliable and extensive data 
were obtained in 1935 and, further, a higher altitude 
was obtained. This paper gives a brief summary of 
the methods and results; the details have been reported 
elsewhere.'* , 


METHOD OF MEASURING BAROMETRIC ALTITUDE 


The altitude was determined by the following form 
of the barometric formula 


HT = 221.152 T,, (1 + 48 X 10~-° 1) log (Po/P) +h (1) 


where // is the altitude above sea level in feet, 7), is the 
mean temperature of the air column below the gondola, 
in degrees absolute, Pp and P are the air pressures, re- 
spectively, at the chosen reference level near the ground 
and at the level of the gondola, (1 + 48 XK 10° #7) isa 
correction factor for the variation of gravity with alti- 
tude, and / is the elevation of the reference level (pres- 
sure = Po) above sea level. 

Eq. (1) is for dry air. The correction term for 
humidity has been omitted because corrections under 
the conditions obtaining in the flight are negligible. 

The gravity correction term given in Eq. (1) was 
omitted in making computations for the 1934 flight. 

Referring to Eq. (1) it is seen that the following data 
are required: 

(a) The air pressure at the flight level and at the 
reference level vertically below the balloon, obtained 
simultaneously. 

(b) For computing the mean temperature, corre- 
sponding values of the air pressure and air temperature 
from the flight level down to the ground (or reference 
level). 

(c) The elevation of the ground (or reference level) 
above sea level. 
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The indication 


Sensitive aneroid barometer. 
upon the lower inset scale is combined with that of the 
main scale to obtain the reading; the instrument reading 


Fic. 1. 


is 748.1 mm. Hg. The upper inset scale indicates the 
instrument temperature in °C. 
INSTRUMENTS 
In the 1934 flight the air pressure was measured by a 
Friez double traverse 
The readings of the 


mercurial barometer and two 
barographs loaned by the Navy. 
mercurial barometer were photographed at intervals of 
approximately 90 sec., and were used in calculating the 
altitudes. 

In the 1935 flight five instruments were used to meas- 
ure air pressure: the two barographs mentioned above, 
a Kollsman aneroid barometer (see Fig. 1), a meteoro- 
graph and a short U-tube mercurial barometer for use 
at pressures below about 150 mm. of mercury. The 
mercurial barometer and the aneroid barometer were 
photographed at about 90 sec. intervals. The readings 
of the latter instrument, corrected for scale errors, 
were used in computing the altitudes. This instru- 
ment was compensated for the effect of changes in its 
temperature at all pressures. 

Air temperatures were measured in both flights by 
electrical resistance thermometers. Four tempera- 
ture elements and two indicators were used in 1934, but 
only one of each was used in 1935 (see Figs. 2 and 3). 
The temperature elements were installed, with their 
axes horizontal, about ten ft. out from the gondola wall 
and were ventilated by a fan driven by an electric 
motor of special design. 

The indications of the barometers and thermometers 
were photographed at about 90 sec. intervals by sepa- 
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Indicator unit of the resistance thermometer 
The instrument zero is at —50°C., at which 
The 


Fic. 2. 
used in 1935. 
point the error due to improper voltage is zero. 


proper voltage is impressed by setting the left-hand knob to 
“test”? and adjusting a resistance with the right-hand 
knob until the indicator reads +30°C. 





I 


Temperature element of the resistance ther- 
1934. The element is ventilated by a 


Fic. 3. 
mometer used in 
fan and motor unit at the rear of the protecting tube 


rate factograph cameras equipped with 35 mm. film. 


A watch was mounted in the field of view of each 


camera. 
BAROMETRIC ALTITUDE 


The data on air pressure and air temperature ob- 
tained in 1935 are shown in Fig. 4. The ground level 
pressures at known elevations were furnished by the 
U. S. Weather Bureau for both flights. 

The altitudes of the gondola above sea level com- 
puted by means of Eq. (1) are given in Fig. 5 for the 
1934 flight and in Table | and Fig. 6 for the 1935 flight. 
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TABLE 1 9 MIND vELCCITY-my/ne , MNO OECTION 
ec - 3 ee Seemed i aieseneleanis 
Comparison of Altitudes in 1935 Flight y | ] 
move }———} eg_ | 2 
Photogram- a = : 1 re 
Air Barometric _metric Difference ao > an e 
Exposure _ Pressure Altitude Altitude in a a a a —— - 
Number inMm. Hg in Ft. in Ft. Percent = g \ Ic va 
130 56.6 58960 59450* 0.8 = J KX 
131 54.3 59810 60100* 0.5 is & . 2 
132 51.8 60780 sea ~ 2. i 2: ee ee ee ee ee 
133 49.8 61580 61600* 0.03 - pn ee ) 
134 47.8 62430 62540* 0.2 saee | py $f ras gt 
135 46.5 63090 63410* 0.5 ce | } Noam ‘ 
136 45.3 63550 63770* 0.3 an Oe a ee i 1 
147 34.7 69010 69590 0.8 | “Wee s 4 
148 34.4 69190 69570* 0.55 welreesuet) 
149 33.7 69620 ers ve “YT | | | Tt 7) el 
150 33.3 69850 70500 0.9 I of ia oe | a . 
151 33.5 69720 ants Be al, 
52 39 ¢ 7 sf 
_ ip ‘ae Fis. 4. Air pressure | and air temperature data ob- 
154 33 4 69860 69970 0.2 tained in 1935 flight. The vertical camera photographs 
155 32.6 70290 70460* 0.2 were used in determining wind direction and velocity. 
156 32.7 70220 ee 
157 32.2 70540 70670* 0.2 
158 32.4 70310 70620* 0.4 = 
159 31.6 70910 71120* 0.3 ee ‘io ~~ 
160 32.1 70600 ou - — 
161 31.4 71050 71410* 0.5 | | ik 4 oe 
3 kites 6Q000 ——____| 4 = 4 4 } +4 + 
169 30.4 71700 71790 0.1 | FA 
170 31.0 71300 70860 0.7 | & | | | | 4 
171 31.7 70850 70820 0.04 es oo = a a f | - 
172 30.7 71510 71470 0.06 | S| — acrrruoe ey Bagonereic FoenueA ae 
173 30.6 71570 ae . | S | 7 ALTITUDE By VERTICAL CAMERA PHOTOGRAPHS 
174 30.7 71510 71460 0.07 | » | ' 
175 30.5 71630 ae * os ts set dee ‘re ie | 
176 30.6 71560 71610 0.07 | w 
177 31.1 71240 71590 0.4 | = | | 
178 30.7 71510 71810 0.4 45000 = : ee Eee Scere | = a 
179 30.1 72110 72290* 0.3 | Fi | 
71970 0.2 | yy LA os eae | 4 | 
180 3133 71100 71120 0.03 40000 —42— 1" -."f a oe 
181 31.7 70850 70960 0.2 “ wa \ pee a ; 
182 i 71240 71120 0.2 an MOUNTAIN STANDARD TIME PM ; 
188 31.7 70850 70990 * 0.2 Fic. 5. Comparison of barometric and photogram- 
189 31.4 71040 71070* 0.04 metric altitudes for 1934 flight. 
190 31.2 71150 71420 0.4 
191 31.7 70840 71160 0.5 
192 31.7 70840 71150 0.4 
193 ps ee 70960 70960 0.0 —_ ae ae 
194 31.8 70760 aac ; 
195 31.6 70910 sds ; 12000 t r a 
196 31.2 71160 ee atl WM, 
197 32.1 70560 70740 0.3 fs * ss 
198 32.1 70560 70770 0.3 & ef ‘4 
199 31.6 70900 71290* 0.6 gy [ Fi 
200 31.9 70700 70590* 0.2 = / aes M 
201 32.5 70320 70180* 0.2 5 [ pty 
202 31.9 70700 70600* 0:2 - a Ta ] . 
203 33.0 69990 70290* 0.4 3 \ 
204 33.2 69880 70100* 0.3 bees} p+. - t—\ 
205 32.6 70270 70310* 0.06 5 j \ 
206 33.5 69700 69620* 0.1 fonj——_—/-__ | 
207 34.3 69220 68900 * 0.5 ‘ 
208 34.6 69040 69510* 0.7 } | | | . 
209 34.5 69100 eer - a ae: ‘| 
210 36.3 68050 68000* 0.07 es | __i\ 
211 35.8 68340 68600 * 0.4 1000 030 . , Oe ~ 1o0 ” 
212 36.6 67900 67390 0.7 ache in aac ncstsring 
213 37.5 67380 67100 0.4 Fic. 6. Comparison of barometric, photogrammetric 
293 46.8 62800 62890* 0.14 and vertical angle altitudes for 1935 flight. The photo- 
294 47.9 62320 61900* 0.6 grammetric altitudes were computed only from those 
225 49.0 61840 61720* 0.2 vertical photographs for which reasonably Satisfactory 
226 50.2 61340 61200* 0.2 landmarks and elevation data were available. The 
297 50.9 61060 61220* 0.2 vertical angle altitudes, furnished by C. W. Hemple, 
295 52.6 60380 60100* 05 were computed for 15 minute intervals. 
229 53.0 60230 59950 * 0.5 
230 53.1 60190 59750* 0.7 
231 55.0 59470 59550* 0.13 ; 
939 5E 5 59200) 5R9R0* 0.5 * Indicates values obtained from points on the ground for 


which the elevations are the more accurate. 
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The uncertainty in the determinations is estimated to 
be of the order of + 1.0 percent for the 1934 flight and 
+().25 percent for the 1935 flight. 

The highest altitude in the 1935 flight determined by 
the use of Eq. (1) was found to be 72,110 ft. while the 
internationally recognized altitude determined as 
prescribed by the F.A.I. was 72,395 ft. The latter 
value is for the center of the balloon, 170 ft. above the 
gondola. The remaining discrepancy of 115 ft. is ac- 
counted for by slight differences in the formulae used. 


PHOTOGRAMMETRIC ALTITUDE 


In both flights, photographs vertically downward 
were obtained by A. W. Stevens, U.S. A., with a Fair- 
child vertical aerial camera mounted rigidly on the 
floor of the gondola. Negatives 7'/; XK 9'/, in. were 
obtained upon continuous film. 

The altitude is determined from the photographs by 
the relation 


H = (fD/d) +h (2) 


where H is the altitude above sea level, f is the equiva- 
lent focal length of the lens, D and d are, respectively, 
the distance on the ground and on the film between 
two selected landmarks such as township or section 
lines, and h is the elevation of the landmarks above sea 
level. 

The computations for the 1934 flight were made by 
B. B. Talley, U. S. A., of Wright Field. The focal 
length of the camera, determined in advance of the 
flight at the National Bureau of Standards, was 235.34 
mm. The distortion of the lens was neglected without 
introducing appreciable errors. Since no topographical 
survey maps of the area photographed by the vertical 
camera were available, the distances between section 
lines on the ground were taken to equal one mile. As 
many as 100 measurements were made on some of the 
photographs, tending to reduce the errors in scale due 
to tilt and relief. Since the measurements were made 
on photographs a correction was necessary for the 
shrinkage of both film and photographic paper. The 
shrinkage factor was 0.003 by computation. An 
elevation of 2800 ft. was assumed for the ground level, 
based on the best data available. 

The computations for the 1935 flight were made at 
the National Bureau of Standards using the procedure 
described below, and included a number of refinements 
not possible in the 1934 flight. In order to check the 
results for Negatives Nos. 155 and 179 for possible er- 
rors in the tilt measurements, C. H. Birdseye of the 
Geological Survey initiated field surveys made in 1937 
and Professor Church of Syracuse University is com- 
puting both the tilt and photogrammetric altitude. 
The results are not yet available. 

The distances between selected landmarks were 
obtained from plots furnished by the General Land 
Office, and the U. S. Coast and Geodetic Survey was 
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Vertical photograph, exposure No. 204 (70,100 
C is the center of the photograph; 
n, the point vertically below the balloon; line TT, the 
direction of tilt of the camera; and A and B are selected 
landmarks, 38,246 ft. apart on the ground and 145.30 


Fic. 7. 
ft.) for 1935 flight. 


mm. on the photograph. Distances along line YY, half 
way between C and n, are free from the effect of camera 
tilt. The numbers give elevations in meters. The sus- 
pended meteorograph is shown in the upper center of the 
photograph. 


able to furnish the elevations of the landmarks for a 
sufficient number of the pictures taken at the higher 
altitudes. 

All laboratory measurements were made on contact 
prints made on glass plates. The distance measured 
on the plate was corrected for the effect of the tilt of the 
camera which was generally between one and two de- 
grees. The tilt was measured by bubble levels which 
were photographed 12 sec. after operation of the ver- 
tical camera. 

Shrinkage of the film was determined by corners 
printed on the film from a plate installed in the camera 
just in front of the film. These corners are not shown 
The corners were 7 in. apart one way and 


in Fig. 7. 
The shrinkage was negligible in 


91/3 in. the other. 
most cases. 

The equivalent focal length of the lens measured 
before the flight and used in the computations was 
258.2 mm. A measurement made two years after the 
flight gave a value of the focal length of the lens installed 
in the camera of 258.6 mm. 

In measuring the distance between landmarks upon 
the contact prints a procedure was developed with a 
view toward making the correction for tilt as simple 
as possible. Landmarks, for which sufficiently re- 
liable data as to elevation and distance apart were 
available, were selected and marked on the contact 
prints. Such landmarks are shown at A and B in 
Fig. 7. The center, C, of the photograph was obtained 
by connecting the corners printed on the film. A line 
TT through C was drawn in the direction of the camera 
tilt. The nadir point, n, is the point vertically below 
the camera. This was computed using the measured 
tilt and the barometric altitude above the ground level. 























STRATOSPHERE BALLOON ALTITUDE 


Distances measured on line YY through a point half 
way between n and C and perpendicular to tilt line TT 
are unaffected by the tilt. Components X and Y as 
shown in Fig. 7 were measured by means of a special 
comparator placed at our disposal by the Naval Ob- 
servatory. 

Let the measured value of X corrected for tilt be given 


by X — AX, where AX is the tilt error. It can be 
shown, neglecting second order terms, that 
AX = [(XT)/(f + XT)|X (3) 


In this relation, f is the equivalent focal length and 7 
the angle of tilt. 

Similarly let the measured value of Y corrected for 
tilt be given by Y — A Y, where AY, the tilt error, is 
given by 

AY = [((XT)/(f + XT)]Y (4) 


in which the symbols have the definitions given above. 

The computation of the distance AB on the film from 
the values of X and Y corrected for tilt by means of 
Egs. (3) and (4) is then obvious. 

The altitudes were computed only for exposures 
above about 60,000 ft., since comparison with baro- 
metric altitude for lower altitudes was satisfactorily 
made in the 1934 flight. No computations were made 
for a number of exposures in this range because either 
no data on elevations were available or the landmarks 
were unsatisfactory. 


COMPARISON OF BAROMETRIC AND PHOTOGRAMMETRIC 
ALTITUDES 


The photogrammetric altitudes, together with the 
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barometric altitudes, are given in Fig. 5 for the 1934 
flight and in Table 1 and Fig. 6 for the 1935 flight. 

Considering the 1934 flight results, the average dif- 
ference in the altitudes by the two methods is 0.7 per- 
cent without regard to sign and on the average the 
barometric altitude is 30 ft. higher. In arriving at 
these figures the results for exposures previous to 11:50 
a.m. were disregarded because of uncertainties in the 
photogrammetric altitude due to a lack of well-defined 
section lines. 

For the 1935 flight, the average difference in the al- 
titudes by the two methods is 0.36 percent without 
regard to sign and on the average the barometric alti- 
tude is 93 ft. lower. 

The agreement in the altitudes by the two inde- 
pendent methods is quite good and leads to confidence 
in the barometric method. It should be mentioned, 
however, that data for the comparisons thus far made 
were taken on days when the atmosphere was quite stable 
vertically. This stability is a fundamental assump- 
tion in deriving the barometric formula. 

The altitudes of the gondola in the 1935 flight deter- 
mined by Hemple from vertical angle measurements 
made during the flight are also shown in Fig. 6. At 
high altitudes the results by the three methods are in 
good agreement. 
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Polar Diagrams for the Solution of Deflections of 
Axially Loaded Beams 
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SHEAR AND BENDING MOMENTS 


HE determination of shear and bending moments 

by use of polar moment diagrams in axially 
loaded beams originated with the publication of papers 
by Miiller-Breslau' and Ratzerdorfer.2 The use of 
polar moment diagrams for design of aircraft beams 
was suggested by J. S. Newell.* Since that time 
aeronautical engineers have used this method for deter- 
mining shear and bending moments in spars of semi- 
cantilever wings. In England, H. B. Howard*® 
published papers in 1928 and in 1930, in which the 
theory of, and a few examples for, the graphical solution 
of shear and bending moment were worked out. Un- 
fortunately the nomenclature and symbols used in those 
two publications were in accordance with British prac- 
tice and therefore, somewhat inconvenient for direct 
reference and use by American engineers. Since that 
time there have appeared numerous problems and 
applications worked out for shear and bending mo- 
ments, where the symbols and nomenclature used were 
according to American practice. 

W. R. Jones’ presented the theory and worked out 
in general form several problems for ready use as 
reference by engineers, and also gave analytical solu- 
tions as a check for shear and bending moments in 
each problem. A further step in this direction was 
made by Boyd C. Stephens,'' when he solved nineteen 
representative cases including various loadings and 
moments of inertia. 


DEFLECTIONS 


The solution for shear and bending moments by 
means of polar moment diagrams has evidently re- 
ceived sufficient attention in engineering publications. 
But nothing has been said about using the same 
method for solutions for deflections. A possible ex- 
planation for this omission may be found in the fact 
that in most cases the solution for deflections by ana- 
lytical methods is complicated, and therefore, a com- 
plicated method of solving for deflections by the use of 
polar moment diagrams was expected. 

As it developed, the solution for deflections by the 
polar moment diagram method is a simple step after 
the polar diagram for the final bending moment of the 
beam has been drawn. 


Since, from the fundamental equation: 


/ 
= . — , ) . s 
MM presiee moment M simple beam moment Y axialload X de flection 


y = —(M — M')/P (see Fig. 1) 
Now if points for the J/’ curve are calculated and 
plotted on the polar moment diagram in such a manner 
that the difference 1/J — M’, is shown graphically, a 
polar diagram for Py is obtained. Since positive pre- 
cise bending moments, ./, on the polar diagram are 
measured from the loading curve w7? to the m—circle 
in the positive direction of the radius vector, positive 
values of MW’ should be plotted from the loading arc 
in the same direction. The graphical difference be- 
tween the /’ curve and the m—circle will be Py, 
with the proper sign as will be explained later. The 
deflection then will be y = Py/P (in inches if bend- 
ing moment is in inch pounds). 


CONSTRUCTION OF POLAR DIAGRAM 


Bending Moment 

Consider an axially loaded beam as shown on Fig. 1. 
Preliminary calculations give: (For theory see refer- 
ences 6, 7, and 11.) 


y = VEI/P = V 29,000,000 X .03/2000 = 18.63 
a = 1/j = (40/18.63) radians = 123° 
wi? = —20 X 18.63? = —6960 in. Ib. 


m, = M, — wj7? = 2000 + 6900 = 8960 in. lb. 


a 


m, = M, — wj7? = 3000 + 6960 = 9960 in. Ib. 


With these data the bending moment diagram is 
constructed as follows: 

(1) Select origin O on line OA. 

(2) From line OA construct angle AOB (= a) = 
se". 

(3) From O along line OA set off m, = 8960. 

(4) From O along line OB set off m, = 9960. 

(5) Erect perpendiculars to lines OA and OB from 
points A and B, respectively, thus obtaining point C— 
the anex. 

(6) With line OC as a diameter construct the 
m—circle through points A and B. 

(7) With a radius equal to wj? construct an arc 
(DEF) with center at the origin, O. 
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On this graph the precise bending moment ./ is equal 
to the distance along the radius vector from the load- 
ing circle DEF to the m—circle ACB. 

Thus far the procedure is conventional as used for 
the solution of shears and bending moments. 


Deflections 
In order to solve for deflections it is necessary to 
add to the polar moment diagram the curve known as 
the /’ curve, i.e., the curve for simple beam moment 
(without axial load) expressed in polar coordinates. 
The general equation for the simple beam moment 7’ 
for the beam in the problem on Fig. | is: 


M,-—M,\. wx , wx’ 
My +( _ ey 


arranged for the location of five points 


M’ = 


Table 1 is 
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through which the J/’ curve may be drawn. After 
plotting these points on Fig. 1, curve AKB is drawn 
through them. 

Py is now scaled from the graph for as many points 
as is desirable and deflections are found from Py/P. 


RULES OF THE SIGNS FOR DEFLECTIONS 
Referring to the fundamental equation of axially 


—(\J —M’) and to the method of 
the 


loaded beams Py = 
construction of the polar deflection diagram, 
following rules of signs are obtained: 

(1) y is positive if Py, measured from the JJ’ 
curve to the m—curve, is in the negative direction of the 
radius vector. 

(2) y is negative if Py, the AJ’ 
curve, is in the positive direction of the 


measured from 


curve to the m 
radius vector. 
Fig. 2 deals with a case of an axially loaded beam 


TABLE | 








x M,-—M, Py 
inches a” ( ma 2 De (—w/2)x wx?/2 M’ (scaled) y = Py/P 

0 0 0 0 0 2000 0 0 

5 15.4 2400 1.20 
10 30.8 250 — 4,000 + 1,000 5250 $500 2.20 
15 46.1 5800 2.90 
20 61.5 500 — §,000 4,000 6500 6350 3.175 
25 76.9 5900 2.95 
30 92.3 790 — 12,000 9,000 5790 4600 2.30 
30 107.6 2500 1.25 

1000 — 16,000 16,000 3000 0 0 


40 123.0 
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Fic. 4. 


with a concentrated load and no running load, be- 
cause of this there is no loading curve wy’, and, there- 
fore, the simple beam moment curve M’ is plotted 
from the origin on a radius vector. Figs. 3 and 4 
show a beam with constant running load and varying 
moment of inertia, and the M’ curve is plotted from 
the loading curves of each individual section of the 
beams. Fig. 3 is drawn to show the construction for 
shears and bending moments only. For clarity the 
bending moment curves are redrawn on Fig. 4 and the 
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Fic. 5. Comparison of results found by approximate 
and exact methods in problem on Fig. 4. 


simple beam moment curves .V’ are plotted from 
the load curves wj? on the radius vectors. On this 
figure it can be seen that y will change sign at two 
points on the beam. 


CONCLUSIONS 


(1) Approximately just as much time is required 
in many cases to construct a polar moment diagram 
which will give the solution for all points along the 
span, as it would take to solve analytically for a single 
point. 

(2) In problems with beams with discontinuities 
in the moments of inertia the polar moment diagram 
method has distinct advantages as far as time, sim- 
plicity, and accuracy are concerned. 

(3) Since polar moment diagrams give the shear, 
moment or solution for deflection at any point along 
the beam, the exact nature of stresses along the whole 
span is known and no approximations are involved. 
In the process of solving analytically a person is tempted 
to use assumed or average values. To illustrate the 
above statement the problem as shown on Figs. 3 and 
4 was solved by an approximate method using the 
average moment of inertia instead of the actual one; 
a practice sometimes used is the analysis of beams hav- 
ing a varying moment of inertia. Fig. 5 shows the 
large discrepancies between the exact values and 
values obtained by using the average moment of in- 
ertia. Since it is a simple problem to draw a polar 
moment diagram using the exact moments of inertia, 
its use is recommended to avoid possible errors as 


shown on Fig. 5. 
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Book Reviews 


Airplane Servicing Manual, by Lieut.-CoLoNneL Victor W. 
Pace; The Norman W. Henley Publishing Company, New 
York, 1938; 1000 pages, $6.00. 

This publication of 1000 pages presents a diversified picture of 
airplane maintenance. The qualifications and requirements of 
Aircraft Mechanics are covered rather thoroughly in conjunction 
with a description of all the details of their work. An interesting 
discussion covers the Army Air Depot organization and repair 
procedure presenting many interesting figures concerning periods 
of airplane and engine overhaul and the time required for various 
repair and overhaul projects. There is also some description of 
the equipment and arrangement used in the overhaul bases of 
commercial airlines. 

Considerable attention is paid to a description of various ma- 
chine shop tools and equipment including the methods of using 
this equipment. Woodworking machinery is thoroughly covered 
in description and application and there is quite some discussion 
of small tools used by the machinist or mechanic. A rather 
thorough picture is presented of the manufacturing and main- 
tenance shops including a complete list of all of the equipment 
necessary in a repair shop or assembly floor. The principle 
materials used in airplane construction, are discussed as to their 
various physical properties, identification and the methods used 
in employing these materials. Considerable discussion covers 
the use of wood; glue, fabric, finishing, and doping. The 
procedure of work in the sheet-metal shop including the use of 
materials, machines, and tools is covered rather thoroughiy. The 
subject of welding, both oxy-acetylene and electric, soldering 
and brazing, is covered in detail. The construction of all-metal 
airplane structures including a description of various repairs 
made to these structures has been covered, aided by many illus- 
trations. The construction and repair of welded steel fuselages, 
landing gears, and various other parts of airplanes is discussed in 
detail. Aerodynamics is covered, in so far as it gives enough of a 
background for the purpose of rigging and general alignment of 
airplanes. Airplane inspection procedures are well-covered. 
Airplane engine inspection and maintenance has been discussed 
in general, followed by some discussion as to engine troubles 
and their remedies. Aircraft radio is discussed from a stand- 
point of installation. 

The description of the requirements of airplane and engine 
mechanics is particularly commendable and complete in that it 
presents a picture of the volume of information necessary for 
this work which differentiates between an Aviation Mechanic 
and one employed in any other business. 

The servicing and repair schedules used by various airlines and 
military services, presents interesting information concerning 
primarily the time involved in this work and the necessity for 
exacting organization. References made to the Department of 
Commerce regulations have been, of course, replaced by the new 
Civil Air regulations. The discussion of Army Air Corp main- 
tenance and its equipment is complete, but as this book will be 
used largely by personnel interested in Civilian Mechanics, 
there should be more material concerning the maintenance sys- 


tems uses by major air lines, explaining such things as the 
exchange system of spare parts. 

The work covered in a discussion of machine shop tools and 
equipment is rather good from a descriptive standpoint, provided 
that the apprentice or student has had some mechanical back- 
ground. 

The description of shop and assembly floor equipment is well 
composed and can act as a good guide in equipping any aircraft 
workshop. It is interesting to see, how minor details such as 
the proper equipment of lockers and wash rooms are given suit- 
able attention. 

The description of materials used in primary airplane struc- 
ture includes a discussion of iron and steel and alloying elements. 
The work covered includes a description of the properties of ma- 
terials and identification of them with a rather interesting graphi- 
cal picture of the various effects of bending compression and 


torsion. 

Spruce, ash, and woods in general, are discussed in some detail 
and in view of the fact that wood is becoming more important 
in light aircraft construction, a more favorable comparison of 
wood to metal could have been shown. The material on Wood- 
working Machinery does contain a complete description of the 
various machines and hand tools. Its only shortcoming is that 
the description of the use of these machines is incomplete, so 
that any mechanic upon reading this chapter would know little 
about the operation of this machinery, and also what woodwork 
can be accomplished in its use. 

The sheet metal shop, layout, and equipment is given con- 
siderable attention in a rather minute description of various 
machines and an excellent word-picture of the use of this equip- 
ment. In view of present-day aircraft construction, much more 
attention could have been paid to riveting. 

Welding equipment and its use is covered by presenting very 
interesting information. This work is explained by the use of 
many illustrations including the preparation of joints to be 
welded and procedure to be followed in joining them together. 
The work on electric welding is particularly beneficial, present- 
ing a general discussion of the various methods employed in this 
comparatively new type of joining. 

The work on Aerodynamics includes definitions of various 
terms and a brief description of such things as airplane forces, 
center of gravity, angles of wing and tail setting, control and 
stability. It does perhaps, give a mechanic enough information 
so that he may intelligently rig an airplane. The principles 
of rigging and alignment of airplane structure in general is quite 
well covered but probably could be more easily understood if 
accompanied by more diversified illustration and description 
so as not to create the thought that all airplanes are adjusted in 
the same manner. This is particularly important in view of 
the fact that most airplanes are not accompanied by very much 
rigging information. 

The work on airplane engine inspection might be more interest- 
ing for some one who has not had any previous experience by 
including a more complete description of engine principles and 


(continued on page 371) 








Measurement of Engine Power in Flight 
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SUMMARY 

The N.A.C.A. has recently completed the development of a 
torque meter for measuring and recording engine torque during 
flight. The instrument operates on the hydraulic principle with 
photographic recording. Three specially designed diaphragms 
form part of the hydraulic system and are interposed between the 
propeller and the crankshaft so that the force between these two 
elements, when applied to the diaphragms, creates a pressure on 
the hydraulic system. A measuring diaphragm transmits the 
pressure to a moving film by means of a light beam and mirrors. 


INTRODUCTION 


NE of the earliest successful instruments to 

measure engine power in flight was the Bende- 
mann hub dynamometer.' This instrument operated 
on the hydraulic principle and measured the torque and 
thrust.” 

Several years ago the Army Air Corps built and 
flight-tested a torque dynamometer for geared engines. 
The torque transmitted was determined from force 
measurements on the sun gear by means of a hydraulic 
unit and pressure gage. 

Recently Pratt & Whitney Aircraft constructed, 
integral with the engine, a hydraulic-type torque meter 
for determining the torque from force measurements 
obtained on the reduction gear. Results’ of tests on 
this torque meter showed it to be accurate and re- 
liable. 

The present paper presents the results of the research 
conducted by the N.A.C.A. in the development of a 
torque meter. Records of a few flight tests have re- 
cently been obtained with the instrument. 


OPERATING PRINCIPLE AND DESCRIPTION 


The torque meter is of the hydraulic type, the operat- 
ing principle of which is illustrated in Fig. 1. The 
hydraulic and measuring system, as shown diagram- 
matically, consists essentially of two diaphragms having 
a large difference in flexibility. The force to be meas- 
ured is applied to the flexible diaphragm and the pres- 
sure created in the hydraulic system by the applica- 
tion of the force is measured by the movement of the 
stiff diaphragm. A pivoted mirror mounted directly 
adjacent to and operated by the stiff diaphragm re- 
flects a light beam to a moving film so that a con- 
tinuous record of the pressure in the system is re- 


corded. 
The details of construction of the torque meter, the 
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Fic. 1. Operating principle of the N.A.C.A. torque 


meter. 





Details of construction of torque meter. 


Fic. 2. 


method of mounting it on the engine crankshaft, and 
the general arrangement of the parts are shown in 
Fig. 2. 

The measuring or hydraulic system is firmly attached 
to the body of the torque meter and consists (Figs. | 
and 2) of three torque cells, a measuring unit, a throt- 
tling unit, and the necessary tubes for connecting the 
various parts. The three torque cells are interposed 
between the spider arms and the body of the instru- 
ment, which is attached to the propeller. Each torque 
cell consists of a flexible diaphragm over a liquid-filled 
chamber. 

The flexible diaphragm is designed to transmit large 
forces and therefore has a thick section at the center in 
order to localize the stress at the point where the force 
is applied. It has a toric contour so that the high 
internal pressures will be taken up in tension rather 
than in bending. The curved section of the part that 
deflects is thin so that the diaphragms will be flexible. 
In order not to reduce the volume of liquid in the hydrau- 
lic system to a minimum, each of these diaphragms is 
mounted on a base having the same contour as the 
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diaphragms but providing a small clearance space. 
The mounting base for these diaphragms also serves as 
a stop in case of failure of the hydraulic system. The 
heavy center section of the diaphragm contacts the 
mounting base before the diaphragm is overstressed. 

The flat, or measuring, diaphragm indicates the pres- 
sure created in the hydraulic system as a result of the 
force exerted on the three torque-cell diaphragms by 
the spider. As stated earlier, the measuring diaphragm 
should be considerably stiffer than the torque-cell 
diaphragms. Although stiffness is desirable, the dia- 
phragm must also have sufficient movement to give 
deflections that can be measured with the desired ac- 
curacy. 

The damping unit consists of a screw loosely fitted in 
a threaded section of a fitting in the tubing line be- 
tween the measuring diaphragm and the three torque- 
cell diaphragms. By proper adjustment of the damp- 
ing unit a record with a well-defined line can be ob- 
tained. 

After the examination of the properties of a number 
of liquids, isopropylbenzene was selected as the most 
suitable because: it has a low coefficient of cubical 
expansion with change in temperature, it does not react 
with any of the metals used in the hydraulic system, it 
has a small change in viscosity with change in tem- 
perature, and it has a low freezing and a high boiling 
point. 

The recording system consists of a light source, a 
pivoted mirror, a fixed mirror, an electric motor, a gear 
train, and a film drum. The movable mirror is 
mounted on pivots located so that the axis of the mirror 
is on a radial line relative to the crankshaft. The 
mirror is operated directly by a stylus located on the 
measuring diaphragm. With this mounting arrange- 
ment the effect of centrifugal force is eliminated and 
only two small hairsprings are required to keep the 
mirror in contact with the stylus. 


The pivoted mirror reflects the light to a fixed mirror, 
which, in turn, reflects it through a slot in the film- 
drum cover to the film. A continuous reading of the 
torque is obtained by driving the film drum with a con- 
stant-speed motor. The energy for the motor and light 
is obtained from batteries through slip rings. The 
axes of the electric motor, film drum, and film-drum 
cover coincide with that of the crankshaft and thus 
the unbalance is reduced to a minimum. 

The measuring diaphragm was placed the same dis- 
tance from the center as the three torque-cell dia- 
phragms so that the effect of centrifugal force on the 
liquid would be the same where the force is applied as 
it is where the pressure is measured. All parts of the 
torque meter, with the exception of the measuring unit 
and throttling unit, have been located so that dynamic 
balance will be maintained. The instrument was 
dynamically balanced on a balancing machine and the 
unbalanced condition corrected by removing metal 
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Installation of torque meter on an O2U-4 airplane. 


Fic. 3. 


from the two oversize balancing weights cast integral 
with the body opposite the measuring and torque unit. 

The torque meter was designed for an engine develop- 
ing 450 hp. at 2100 r.p.m. It fits a standard, S.A.E. 
30 crankshaft and accommodates standard propeller 
blades. The torque meter increased the weight of the 
propeller assembly 77'/, lbs. By the variation of the 
number of torque-cell diaphragms and the radius on 
which they are mounted, this type of torque meter 
can be easily adapted to engines developing from 100 
to 2000 hp. If more than three diaphragms are used, 
they can be conveniently arranged in banks. The 
diaphragm in the measuring unit can be varied in sen- 
sitivity so that full-scale deflection can be obtained for 
any power condition. The film speed, which was 
about 7 in. per hr. in these tests, may be increased or 
decreased by varying the gear ratio between the electric 
motor and the film drum. 

Fig. 3 shows the torque meter mounted on the 
O2U-4 airplane. 


CALIBRATION AND ACCURACY 


The torque meter was calibrated on an electric dyna- 
mometer for the operating range of propeller speeds. 
It was also calibrated statically by suspending weights 
from one of the blades. The calibrations for the two 
conditions are in agreement (Fig. 4) and show that the 
centrifugal force exerted by the liquid or any of the 
parts has no effect on the accuracy of the instrument. 
The magnitude of the deflection depends on the hy- 
draulic pressure and on the stiffness of the measuring 
diaphragm. The hydraulic pressures depend on the 
difference between the force applied to the torque dia- 
phragms and the small force necessary to overcome the 
stiffness of the torque diaphragms. Other tests with 
load or force fluctuations simulating those caused by 
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power impulses of the engine showed that, with the 
damping unit properly adjusted, the true force could 
be measured without difficulty. 

In the design of an instrument of this kind it is im- 
portant to have a hydraulic system of minimum capacity 
to keep the volume change with change in temperature 
of the liquid to a minimum. It is also desirable that 
the torque diaphragms be highly flexible, since any 
change in the volume of the liquid will be taken up by 
the movement of the diaphragm without appreciably 
changing the pressure on the liquid or the zero reading 
of the instrument. 

If the torque meter is used under conditions in which 
the temperatures vary through a wide range, a calibra- 
tion covering the temperature range should be made or 
very flexible diaphragms must be used. For each 
20°F. change in temperature of the liquid the 0.708 cu.in. 
of liquid used in the present system will change in vol- 
ume an amount corresponding to 0.001 in. movement 
on each of the torque diaphragms. Temperature meas- 
urements obtained in climb at altitudes from sea level 
to 16,000 ft. showed that the temperature of the torque 
meter was 20°F. higher than the ambient air and that 
in level flight the temperature of the torque meter 
closely approached that of the air. 

On the basis of tests of torque diaphragms of varying 
stiffness and measurements made of the cubical ex- 
pansion of the liquid, the calculated error, introduced 
by operating at a temperature of 60°F. greater or less 
than the calibration temperature, attains a maximum 
value of 2 percent at full load with the stiffest diaphragm 
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and less than '/2 percent with the most flexible dia- 
phragm. The error may be compensated for by apply- 
ing a temperature correction. 

The temperature correction can be determined in 
flight by taking zero readings at various altitudes. 
The load can be removed from the diaphragms by cut- 
ting off the ignition and placing the airplane in a glide 
so that the propeller acts as a windmill. When it is 
necessary to calibrate for temperature, this method is 
to be preferred since it eliminates the effect of any tem- 
perature lag or difference in temperature between the 
liquid and the torque meter. 


RESULTS 


When the instrument was transferred to the engine 
from the electric dynamometer, considerable difficulty 
was experienced with failure of the torque-cell dia- 
phragms. Diaphragms with thicknesses varying from 
0.010 to 0.022 in. and also with less curvature failed to 
overcome the difficulty. Simple stress analysis based 
on the hydraulic pressure and the force acting on the 
diaphragms indicated that the maximum stress in the 
metal was about 18,000 Ibs. per sq.in. 

After a further consideration of the possible causes 
of the diaphragm failure, it was concluded that the high 
forces must be caused by torsional vibration. This 
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conclusion was confirmed by the fact that no failures 
were experienced when the torque meter was used on an 
engine equipped with a dynamic balancer. 

A sample record recently obtained with the torque 
meter is shown in Fig. 5. The record was taken during 
a climb to 10,000 ft. at a constant throttle setting and 
engine speed, followed by a further climb to 16,000 ft. 
at full throttle and with the engine speed constant at a 
slightly higher value. 

A zero run was taken, with the engine stopped, be- 
fore and after the flight and a straight line was scratched 
on the film between these zero lines to serve as a ref- 
erence from which to measure deflections. The film- 
drum drive motor ran continuously during the flight, 
but the light was switched off for a few seconds at con- 
venient intervals to synchronize the record with other 
data. This record is fairly easy to read but a sharper 
line can be obtained by minor changes in the optical and 
hydraulic system. 

In Fig. 6 the b.hp. developed in the climb of Fig. 5 is 
plotted against the pressure altitude. The power de- 
veloped at 2000 and at 10,000 ft. were used as a basis 
for predicting the power in the two sections of the climb, 


assuming that the power varies directly with the mani- 
fold pressure and inversely as the square root of the ab- 
solute temperature. The predicted values in all cases 
checked within 2 percent or less of the measured values. 
Another climb (Fig. 7) showed that the predicted values 
differed from the measured by less than 2 percent. No 
correction for humidity was applied. 

Although these preliminary tests showed that the 
predicted values are in close agreement with the meas- 
ured, further tests on several engines are necessary and 
factors such as humidity must be considered before it 
can be concluded that this agreement is generally true. 
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Letters to the Editor 


June 8, 1938 
Dear Sir: 

In my paper entitled ‘‘On the Problem of Stress Distribution in 
Wide-Flanged Box-Beams” published in the June, 1938 issue of 
the Journal of the Aeronautical Sciences, I gave a solution 
for the problem of stress distribution in the covers of corrugated 
box-beams. In the meantime, I have observed that this solution 
can also be considered as a solution for box-beams with flat 
sheet covers if the third of the stress-strain relations (Eq. (2c))* 
is considered to be fulfilled only in the mean 


1 1 
fu = of [(Ou/Oy)+ (dv/dx)] dx (a) 
0 0 


The analysis in this case is as follows: The equations of equi- 
librium are fulfilled by assuming 


r = f(y), oz = —xf'(y) + gly) (b) 


Due to boundary condition, Eq. (12), it is again g(y) = /f’(y) 
and the displacement u results from the relation Hdu/dx = ox 
(Poisson’s ratio is neglected) in the form 


u = (1/E)[lx — (x?/2)]f'(y) (c) 


Here the condition, Eq. (11), is taken into account. Introduc- 


ing r from Eq. (b) and u from Eq. (c) into Eq. (a) gives 
1 
f(y) = cer) f [lx — (x?/2)] dx + v(l,y) — v(0,y) (d) 
0 . 


which is, due to the boundary conditions, Eqs. (11) and (12), the 
same as 


f(y) - (3E/G)=H(9) = (e) 


This equation for the shear is identical with Eq. (18). 

From here on the analysis proceeds exactly as in the paper re- 
ferred to and leads to the same result. 

As to the transverse normal stress and displacement, it is con- 
sistent to put o, = 0 and/ = 0. 

Since actually there will be no appreciable variation of the 
shear in the spanwise direction, due to the assumed edge stiffen- 
ing, one has reason to believe that the solution thus obtained 
represents a good approximation to the rigorous solution which 
uses Eq. (26) instead of Eq. (a). 

Eric REISSNER 
Massachusetts Institute of Technology 


* For the sake of easy reference the notations and equation 
numbers are those given in the paper referred to. 


May 23, 1938 
Dear Sir:* 

The April, 1937 issue of the Journal of the Aeronautical Sciences 
included my paper “Rational Shear Analysis of Box Girders,”’ 
in which I showed that the distribution of shear in a thin-webbed, 
stiffened box-girder subjected to bending, shear, and torsion, can 
be analyzed in a unique manner compatible with general equi- 
librium conditions. As stated in the text and in footnotes, the 
basic equations were derived for the general case, but the appli- 
cations to specific examples were limited to rectangular girders 

* The opinions or assertions contained herein are the private 


ones of the writer, and are not to be construed as official or as 
reflecting the views of the Navy Department or the naval service. 


with a single axis of symmetry (principal axis). In a Letter to 
the Editor, published in the November, 1937 number, Mangu- 
rian presented a simplification by means of which, subject to 
certain restrictions, the combined shear stresses associated with 
torsion and bending can be found without reference to the shear 
center. Paul Kuhn, in a Letter to the Editor, published 
January, 1938, showed that Mangurian’s simplification gives an 
erroneous result in the case where one web has vanishing effective 
thickness. Sibert (Shear Distribution in a Sheet Metal Box Spar, 
Journal of the Aeronautical Sciences, February, 1938) restated 
the basic equations (with notation changed) and, by performing 
certain integrations which had been only indicated, placed pre- 
vious results in form for special methods of solution by Simpson’s 
rule and by graphical construction. 

The discussion which followed the paper of April, 1937 revolved 
around the question of separating an actual shear stress distri- 
bution into two systems, one of which corresponds to pure 
torsion, while the other is reducible to a single resultant force, 
equal to the applied external force and acting through a point 
which has been called the shear center. Mangurian maintains 
that this separation is unnecessary, Kuhn maintains it is essen- 
tial, and Sibert offers a simplified method of carrying it out. 

The following remarks on the shear center, its meaning, and 
the need for calculating it, are offered in the hope of unifying the 
discussion to date. 

I restrict the discussion to an untapered box girder of one cell 
(indeterminate to the first degree), taking the reference axes as 
principal axes of inertia of the effective section. No other re- 
striction is placed on the shape of the section. 

So far as equilibrium with the bending stresses is concerned, 
there is only one condition; using Sibert’s notation, it is 


Qn = % — (FQn/T) (1) 


where 1 and m designate two points on the perimeter and Qi, 
the statical moment of the effective area between them. Letting 
points 1 and » be fixed and traveling points, respectively, the 
equation must be satisfied for all values of m. Thus the shear 
distribution depends on a single parameter, gq. If q is given a 
certain value, the stress system so defined reduces to a certain force 


F, in magnitude, direction, and point of application. Let this 
value be 
% = We 
Let some other value of the parameter be 
Mm = q. + Age 
Then the “‘correct”’ stress system is fully defined by 
Qn = Ge — (FQin/D) (2) 
and the “‘incorrect’’ system is defined by 
Qn + Adn = (Ge + Age) — (FQn/D (3) 
Subtracting Eq. (2) from Eq. (3) we find 
Agn = Ade (4) 


But Eq. (4) represents a pure torsion stress system. Therefore: 
if g: is chosen arbitrarily, the resulting fully defined stress system 
differs from the true system at most by an additive torsion system. 
The resultant of the arbitrary stress system can be fully de- 
termined. Therefore, the error arising from arbitrary choice of 
q: can be found by statics alone. 

Any stress system satisfying Eq. (1) is hereinafter designated as 
a “flexural shear system.” 
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The true stress system corresponding to a fixed force F can be 
separated into a flexural shear system and a torsion system in an 
infinite number of ways. In each such way the resultant of the 
flexural shear component system is a force, equal to F but later- 
ally displaced from it. The amount of the lateral displacement 
is proportional to Age. 

Evidently the “shear center’’ is what it is defined to be. As 
ordinarily defined, the shear center locates the line of application 
of an external force F which produces no rotation of the cross- 
It has been shown that this definition 
leads to minimum total shear energy. Kuhn, Sibert, and I have 
adhered to this definition; Mangurian has not. There is, in- 
deed, no reason why it should be adhered to; but it is suggested, 
in the interest of clarity, that each point otherwise defined should 
have its own individual christening. 

In a practical problem much the greater part of the labor is 
encountered in calculating the true shear center. Sibert’s 
proposal reduces this labor somewhat, but the statement remains 
true. Mangurian, treating a rectangular girder with one axis of 
symmetry, evaded this difficulty by an unorthodox definition of 
shear center.’’ His conclusions are consistent with his defini- 
tion, and, except in special cases, give correct results. 

The method which I now propose also evades entirely the 
least-work calculation for the shear center, and applies to an un- 
tapered one-cell box of any shape, with effective or ineffective 
webs. To illustrate, taking Fig. 2 of my paper (here reproduced), 
assume the webs ineffective in bending and dimension as follows: 


sections in their planes. 


A, =2 4 = 0.06 
Az = 1 hh = 0.04 
h = 10 ts = 0.04 
w = 30 


It is required to find the web shears produced by a force applied 
19.2 in. to right of web number 2 (Case 1 of my paper). For this 
example the stress centroid is defined as the point of application 
of an applied shear which produces zero shear in the right-hand 
web. Putting Eqs. (2) of my paper in Sibert’s notation, the 
equilibrium conditions for the web shears are: 


@B@=a=Q — (F/D(Ai)(h /2) 
ge = q — (F/I)(Ai + A2)(h/2 


First assuming the applied force F at the stress centroid, the equa- 
tions become: 


q = O (by definition) 

gs = —(F/I)(Ai)(h/2) = % 

g@: = —(F/I)(Ai + A2)(h/2) 
where I = (A; + A2)(h?/2 


Hence the web shears are: 


S: = 0; S = —F 
S3 = —(w/h)(Ai/Ai + A2) 


Taking moments about the lower left-hand corner, the stress 
centroid is found to be at a distance w-(A,/A; + A2) to the left of 
web number 2. Inserting the numerical values, the quantities 
are found to be: 


S, = 0; Ss = 
53 = Sy = 


The distance from stress centroid to the required point of applica- 
tion is 20 + 19.2 = 39.2. The correction torque is thus 39.2F. 
This torque produces correction shears of magnitudes: 


Si’ = So’ = 0.65F 
S;’ = S,’ = 1.96F 


Hence, by addition the final web shears are found to be: 


S, = (0 + 0.65) F = 0.65F 
S. = (—1 + 0.65) F = —0.35F 
S; = Sy = (—2 + 1.96) F = —0.04F 


This result agrees with Table 2, Case 1 of my paper. 
The following method is suggested for an untapered one-cell 
box girder of any shape whatsoever: . 
(1) Assume g; = 0 (or a constant). 
(2) Apply the equilibrium condition, gq, = q@ — 
thus finding g at all points. 
(3) Calculate the stress centroid and the correction torque. 
(4) Apply shear corrections corresponding to the correction 


(FQin/T) 


torque. 

This method is applicable to webs effective or ineffective in 
bending. It eliminates the most laborious step in the calcula- 
lation, and it introduces no new steps. 

The foregoing illuminates the basis for Mangurian’s method. 
In the case of ineffective webs he made two assumptions which 
happened to be consistent; these were: (1) Zero stress in hori- 
zontal webs, and (2) ‘‘Shear center’’ at centroid of inertia. In 
general only one independent assumption can be made; here 
zero stress in the top web implies a like condition in the lower 
web (for horizontal equilibrium) and assumption (2) then follows 
from statics. Mangurian’s method fails in the case advanced by 
Kuhn because then three webs are assumed to have zero shear 
and the single web remaining leaves a woefully inadequate struc- 
ture. In fairness it must be added that Kuhn’s case cannot 
be exactly solved in terms of classical bending, shear, and torsion 
alone. His beam, with a web of zero stiffness becomes effec- 
tively an open channel, and, as such, cannot support torsion 
without a redistribution of normal stresses. (See Wagner, H., 
“The Stress Distribution in Shell Bodies and Wings as an Equilib- 
rium Problem,’’? N.A.C.A. Technical Memorandum 817.) 

I wish in closing to point to this problem as an instance (the 
first one to my knowledge) in which a statically indeterminate 
system is solved by statics alone. I leave this paradox as a 
subject for the next correspondent. 

ROBERT S. HATCHER 
Bureau of Aeronautics, Navy Department 








Institute Notes 


GIFTS TO THE INSTITUTE 


Charles H. Colvin has given to the Institute the airplane clock 
used by Col. Charles A. Lindbergh on the New York to Paris 
flight of the ‘Spirit of St. Louis.’”” When the instruments were 
overhauled after the flight Col. Lindbergh gave the clock to Mr. 
Colvin. Its addition greatly enhances the historical value of the 
Institute’s growing aeronautical collection. The Council, in 
acknowledging the gift, expressed to Mr. Colvin the appreciation 
of the members. 

Paul Kollsman has presented to the Institute an altimeter and 
a vertical speed indicator mounted together in a specially built 
carrying case. The composite instrument was prepared at the 
suggestion of Major Gardner for use on the elevators at Rocke- 
feller Center to demonstrate the extreme sensitivity of airplane 
instruments. The altimeter is sufficiently sensitive to permit an 
accurate check of the heights of each floor from the ground to the 
Institute offices and to the top of the building. The rate at 
which the elevator ascends or descends is given by the vertical 
speed indicator. The purpose of the demonstration is to show 
those who are not familiar with the sensitivity of airplane instru- 
ments how accurately they can measure small changes and rates 
of change of altitude. The Council has expressed to Mr. Kolls- 
man the appreciation of the members for the gift. 


AMERICAN MATHEMATICAL SOCIETY 


The Fiftieth Anniversity of the American Mathematical So- 
ciety is being celebrated September 6 to 9, 1938, at Columbia 
University in New York City. The main feature of the meeting 
will be a series of invited addresses of unusual interest. 

Members of the Institute who are interested can obtain details 
of the program by addressing the American Mathematical So- 
ciety, 531 West 116th Street, New York City. 


I. AE. S. MEETING IN OTTAWA 


A Meeting of the Institute was held in Ottawa, Canada, on 
June 28 and 29, as part of the Summer Meeting of the American 
Association for the Advancement of Science. The program was 


as follows: 


Tuesday Morning, June 28 


I. I. Srxorsky, Sikorsky Aviation Corporation, ‘Flying Boats.” 
T. R. Loupon, University of Toronto, ‘‘Photo-Elastic Stress 


Methods.” 
G. J. Ken, National Research Council, Ottawa, ‘Snow Per- 


formance of Aircraft Skis.’”’ 


Tuesday Afternoon 


C. S. Draper, Massachusetts Institute of Technology, ‘‘Detona- 


tion.”’ 
S. D. Heron, Ethyl Gasoline Corporation, ‘Aircraft Fuels.” 
“‘Cinematograph Film of Langley Field,’’ Comments by Lester 
D. Gardner. 


Wednesday Morning, June 29 


W. R. Grecc, U. S. Weather Bureau, ‘““The Radio Meteoro- 
graph.” 

J. Patterson, Department of Transport, 
Services for Trans-Canada Airway.”’ 

J. T. HenpeERSON, National Research Council, Ottawa, “‘The 
Cathode-Ray Compass.” 


‘Meteorological 





Kollsman altimeter and vertical speed indicator. 


HONORS 


E. P. Warner, a Fellow of the Institute, received on June 6 
an honorary Doctor of Science degree at Norwich University 
“for distinguished service of great value on many important 
commissions in the field of aviation.” 


STUDENT BRANCHES 


Notre Dame University. At recent meetings of this Student 
Branch of the Institute the motion pictures ‘‘European Aeronau- 
tical Laboratories” and ‘‘A Visit to Langley Field’’ were shown. 

The newly elected officers for the coming school year are: 
Francis X. Bradley, President; Robert C. Bolz, Vice President; 
and Eugene P. Kiefer, Secretary-Treasurer. 


University of Michigan. The tenth meeting of the school 
year was held on May 19, at which accounts of the visit to the 
Stinson Aircraft plant at Wayne, Michigan, and the Wayne 
County Airport, were given. 

The Annual banquet of the Student Branch, attended by 120 
members, friends and faculty members, was held at the Michigan 
Union on May 26. Grover Loening, Fellow and Benefactor 
Member of the Institute, spoke on latest developments in Aero- 
nautics. His address, covering current problems and the outlook 
for the future in civil and military aeronautics, was enthusias- 
tically received. 


Necrology 


EDMUND CALVERT LYNCH 


Edmund Calvert Lynch, a generous benefactor of the Insti- 
tute, died on May 12, 1938, in London, England. Last Decem- 
ber, Mr. Lynch gave the Institute securities valued at over 
$10,000 to establish a memorial to his brother Vernon Lynch. 
He directed that the income from the fund be used to perpetuate 
the Wright Brothers Lecture and Honors Night plan of commemo- 
rating the anniversary of the first flight of the Wright Brothers. 

The Council of the Institute on May 26, 1938, adopted the 
following Resolution: 

RESOLVED, that the Institute of the Aeronautical Sciences, 
Inc., express the sincere regret of its membership for the loss of 
its generous Benefactor, Edmund C, Lynch, who endowed the 
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Vernon Lynch Fund to perpetuate the celebration of the anni- 
versary of the first flights of the Wright Brothers at Kill Devil 
Hills near Kitty Hawk, North Carolina, on December 17, 1903, 
and 

Be Ir FuRTHER RESOLVED, that a copy of this resolution be 
spread upon the minutes of the Institute and sent to the relatives 
and associates of Mr. Lynch. 

Edmund C. Lynch was born on May 19, 1885, the son of 
Richard H. Lynch and Jennie Vernon of Baltimore, Maryland. 
He was a descendent on his paternal side of Marshall Stone, who 
belonged to the Calvert County, Maryland, Militia in Revolu- 
tionary times, and through his mother he was descended from 
Thomas Janney, who came from England and settled in Penn- 
sylvania in 1683. 

He was graduated from Johns Hopkins University in 1907. 
After several years in the investment banking business he and 
Charles E. Merrill organized the firm of Merrill, Lynch & Co. 


(continued from page 363) 


the functions of various parts before going into the general work 
of inspection. This discussion however, does make a very fine 
attempt at covering a class of work which is rather difficult to 
write down on paper. 

In general the work covered presents a vast amount of in- 
formation. The book, however, lacks some important and defi- 
nite information regarding such items as starters, generators, 
propellers, and their installations. In many parts, both written 
description and illustrations, the most up-to-date material has 
not been used. With an industry advancing so rapidly, how- 
ever, this sometimes cannot be avoided. It is because of this 
that almost any book is inadequate for instructional purposes or 
for use as reference by mechanics who are in contact with new 
airplanes. In general, this work has been well written in that 
it presents a good, easily understood treatise of general informa- 
tion required for airplane and engine mechanics and should 
prove particularly interesting to anyone contemplating a career 


in this type of work. 
WALTER M. HarTUNG 


Casey Jones School of Aeronautics 


My Flying Life, by Str CHARLES KINGSFORD-SMITH; The 
David McKay Co., Philadelphia, 1937; 280 pages, $5.00. 

In this book one of the greatest pilots of our time gives a 
history of his epic flights which brought him the fame that places 
him in the forefront among contemporary long distance fliers. His 
unfortunate death in the Indian Ocean in 1935 deprived aviation 
of a proponent by deeds who did as much as any other pilot to 
convince the world that airplanes could bridge oceans as well as 
continents. 

It is fortunate that Kingsford-Smith wrote this detailed story 
of his life and had it ready for publication, as it contains informa- 
tion of great value to all pilots who are planning flights over new and 
unflown routes. They are given a vivid account of the trials that 
were encountered by adventurous pioneers. They are introduced 
to many well-known persons who have helped to create this new 
kind of transport. 

Starting as a recruit in the Australian Army at the beginning 
of the War, Kingsford-Smith transferred to the Royal Flying 
Corps and became one of the best pilots at the front. Like so 
many others he continued to fly after the Armistice. His first great 
flight was, of course, from California to Australia. Then he 
pioneered other routes, sought and won distance records, until, 
by piecing them together, he had flown completely around the 
world. 

This autobiography, written in such a simple and direct style, 
is a valuable contribution to the history of air transportation. 
It is men like Sir Charles who showed the way for the opening 
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This firm was among the first to deal in securities of the chain 
store industry. He joined the army as a volunteer n 1917 and 
was assigned to the cavalry. Later he was a major in the United 
States Signal Reserve Corps. 

Mr. Lynch had three homes, one at 570 Park Avenue, New 
York City, another, Cherrywood, at Locust Valley, Long Island, 
and a third at Hog Island, Nassau, in the Bahamas. He was a 
member of the Elkridge Hunt Club and the Maryland Club, 
also of the University, the Racquet and Tennis, N. Y. Yacht, 
and Turf and Field Clubs. He was a member of the Sons of the 
American Revolution. He bequeathed $50,000 to the Johns 
Hopkins University to establish a scholarship in memory of his 
brother Vernon Lynch. 

He is survived by his mother and his wife, who before her 
marriage was Miss Signa Fornaris of New Orleans, three children, 
the Misses Vernon and Signa Janney and Edmund C. Lynch, 
Jr., and a si ter, Miss Frances M. Lynch of Baltimore. 


up of the commercial routes that now cover the globe. Kings- 
ford-Smith’s life was one that can be studied by the younger 
generation of pilots with profit. His exploits can never be 
duplicated because there are so few air routes left that the 
adventurous airmen have not conquered. 


Some Still Live, by F. G. Tinker, Jr.; Funk and Wagnalls 
Co., New York; 313 pages, $2.50. 

Those who have strong convictions regarding nationals of 
neutral countries engaging in fighting for high pay in wars or 
armed conflicts in other countries will receive all the arguments 
they need pro or con from this book. They will read of a gradu- 
ate of Annapolis who was trained in both our Army and Navy 
flying schools, going to Mexico City to make a contract to fly 
in Spain. Travelling under an assumed Spanish name with a 
“phony” passport, he reached Spain to fly Russian fighting 
planes for a salary of 18,000 pesetas a month while the ordinary 
Spanish pilot receives only 800 pesetas. It is a vivid story of a 
typical soldier-of-fortune pilot many of whom are flying in China 
and Spain. 

When one becomes insensible to the philosophical problems the 
book creates, he is taken back to the Great War when pilots won 
fame, without fortune, by their expertness at the controls. It 
has been claimed that the day of individual prowess in the air has 
passed and that future exploits in the air will be by formation 
combat. Tinker’s description of fighting over the lines gives 
the impression that ‘‘dog fights” are still the order of the day in 
the Spanish war. 

His frank statements regarding the Russian airplanes used by 
the Spanish government and the German and Italian aircraft 
employed by Franco’s air forces removes all illusions as to the 
international character of the conflict. His appraisal of the 
characteristics of each type can be regarded as that of an expert 
rather than of a partisan. For seven months this American 
took part in raids, bombardments, reconnaissance missions, and 
air fighting over all of the fronts where action was the hottest. 

While the chapters are probably written from a well-kept 
diary, tending to make the story of the daily flights somewhat 
monotonous, the interest of the reader is retained by the de- 
scription of the lives of the people, particularly those in Madrid 
where bombing raids were a part of the daily routine. 

The life of a pilot is much the same the world over. 
concentration for a while is followed by periods of relaxation of 
the sort Paris was, and Madrid is, famous for. 

That the age of courage and daring did not end twenty years 
ago is evident from the exploits of Spanish, American, Russian, 
German, and Italian pilots in Spain. The balm to one’s emotions 
after reading this intimate account of present-day air fighting is 
that American-trained pilots can hold their own with any in the 


world. 


Intense 
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These brief reviews of recent articles on aviation subjects are published by the Army Air Corps for the 
information of its officers, and are printed here each month by permission of the Chief of the Air Corps. 


Aircraft Design 


Approximate Calculation of Airplane Performance. W. Barth. Method 
for determining the influence of changes in airplanes (weight, drag, engine 
performance, and so forth) on the flight performance by means of a single 
sheet of curves. The calculation is set up on the assumption that the polars 
of the airplane are replaced by a parabola. Luftwissen, March, 1938, pages 
94-96, 1 illus., 3 equations. 

The Effect of Wing Loadin . on the Design of Modern Aircraft with Par- 
ticular Regard to the Take-Off Problem. H. F. Vessey. Paper and dis- 
cussion following. Royal Aeronautical Soc., Jour., May, 1938, pages 369- 
392 and (discussion) 392 404, 445-460, 9 illus., 15 equations. 

High Wing Loading and Some of Its Problems from the Pilot’s Point of 
View. Squadron Leader H. P. Fraser. Paper and discussion following. 
Royal Aeronautical Soc., Jour., May, 1938, pages 405-424 and (disc.) 424— 
460, 14 illus. 

More Famous Designers on Commercial Aircraft of the Future. Im- 
portance of low cost is stressed by G. R. Volkert. Small sizes are advocated 
by J. Lloyd (Armstrong-Whitworth). Question of speed or economy is dis- 
cussed by D. L. H. Williams (General Aircraft), including also construction, 
pressure cabins and operational height for substratosphere aircraft, shape, 
and fire prevention. F. G. Miles gives a few details on his X.2 airliner. 
C. C. Walker (DeHavilland Aircraft) offers his opinions on exploiting speed, 
and S. Camm (Hawkers) takes up the question of cost. Flight, May 5, 
1938, pages 442g-—442h, 443-445, 8 illus. 

Famous Designers on Commercial Aircraft of the Future. Opinions of 
H. P. Folland on speed and safety, A. Davenport on high loadings and as- 
sisted take-off, and A. H. Tiltman giving a detailed review. The latter 
recommends that a new technique of flying machine for the first time must 
be developed by testing reduced-scale flying models, such as Glenn L. Martin 
Company uses, and deals also with dihedral tails, new materials, and launch- 
ing problems. Flight, April 28, 1938, pages 397-400, 5 illus. 

Spanwise Distribution of Lift and Induced Drag. M.J. Frank. Theoreti- 
cal formulas for calculating lift distribution and induced drag of a monoplane 
with variable chord and angle of attack along the span were given by W. H 
Miller and P. M. Magruder in the January and May, 1937, issues. Funda- 
mentals of the formulas are reviewed and practical applications of formulas 
developed by Miller from fundamental aerodynamical theory are illustrated. 
Rapid methods of harmonic analysis are applied to the airfoil problem. 
Author is with Glenn L. Martin Company. Aero Digest, May, 1938, pages 
38, 40, 42, 44, lillus., 5 tables, 19 equations. 

Thinking Big. The vast all-wing flying boat will eventually be made up 
to about 1,580,000 lb. (680 tons) weight to cruise at 360 m.p.h. on 36,000 
hp., according to opinions of H. Roxbee Cox. Brief abstract from his paper 
entitled ‘‘Large Aeroplanes’’ presented before the Graduates’ and Students’ 
Section of the Royal Aeronautical Society, and references to the 3120-ton 
flying boat foreseen by S. Kleinhans of the Douglas Co. Aeroplane, April 
27, 1938, page 509. 


Stress Analysis and Structures 


The Case for the Metal Aeroplane. Superiority of metal airplanes for 
military purposes, and the adequate supply of light alloys in Great Britain. 
Advantages and disadvantages of wooden construction; bias in favor of 
metal construction; new productive capacity with use of light alloys; 
en to existing plants, and specification of standard sizes. Opinions 
of C. Walker, Director of the DeHavilland Aircraft Company, referring 
also to ria construction, and of A. Gouge, Director of Short Brothers, on 
metal and wooden construction are quoted. Metal Industry, May 13, 
1938, pages 497-502, 6 illus. 


Aircraft 


British Commercial Aeroplanes. Photographs and specifications for 18 
British commercial aircraft are followed by similar data for the Beechcraft 
M-18-B, Focke-Wulf Condor, Junkers Ju. 86, and Lockheed Super Electra. 
Table of performance and specifications for 20 British transports is included. 
Aeroplane, May 4, 1938, pages 534-540, 23 illus., 1 table. 

Foreign Military Aircraft. Farman 223 5 to 7-seater heavy bomber 
(four aircooled 14-cylinder double-row Hispano-Suiza 14-AA 1100-hp. en- 
gines, bomb load 4200 kg., top speed 400 km./hr. at 4000 meters, range 2400 
km.) Polish P.Z.L.37 4-seater heavy bomber (two P.Z.L.-Bristol Pegasus 
XII or Pegasus XX 918- hp. engines, highest bomb load 2580 kg., top speed 
with Pegasus XX engines 445 km./hr., range 2600 km.). Potez- Cams 141 8- 
to 12-seater long-range reconnaissance flying boat (four Hispano-Suiza 12Y 
920-hp. engines, top speed, at 24,000 kg. total weight, 305 km./hr. at 1000 
meters). Fairey Battle I 3-seater medium bomber (Rolls Royce Merlin 
1035-hp. engine, top speed 414 km./hr. at 4570 meters, and range at this 
speed 1030 km.). Westland Lysander 2-seater reconnaissance (Bristol 
Mercury IX 825-hp. engine, top speed around 400 km./hr.). Construction, 
armament, and in most cases characteristics and performance. Luftwehr, 
April, 1938, pages 164—168, 11 illus., 5 tables. 

Formidable. Hawker Hurricane carries eight Browning 0.303-in. belt-fed 
guns placed in the wings. It is said that something like 150 projectiles 
converge on the target in every second the trigger is kept depressed. French 
Morane has two wing guns and a 20-mm. shell gun on the Hispano engine. 
Polish P.Z.L. P.24, as supplied to Turkey, has two shell guns in the wings 
and a pair of synchronized machine guns in the fuselage. This type is tricky 
to land and has caused some difficulty. Wing structure of the Hurricane is 
very sturdy and shell guns could be installed should the British Air Ministry 
decide to adopt them. Very short editorial. Flight, May 12, 1938, page 
457. 


More Practical Light Aeroplanes. German Buecker Bue 180 two- 
seater training airplane (Walter Mikron, II 50-60-hp. engine), and the 
Czechoslovakian Tatra T-201 two-seater for general touring and training 
duties (Tatra H.M. 504 4-cylinder inline inverted aircooled 100-hp. engine, 
maximum speed 140 m.p.h., and range 497 miles at 121 m.p.h. cruising speed). 
Descriptions and comparison of manner in which mixed construction is 
used. Aircraft Engg., May, 1938, pages 155-156, 4 illus., 2 tables. 


The Most Modern Transport Craft. Two Junkers Ju. 90 40-seaters 
(four 750-hp. B.M.W. Hornet aircooled engines) and the Douglas DC-4 
40-seater which ‘‘has taken about as long to build as our Ensigns, and it was 
not yet flying a week ago.’’ Photographs of these transports under con- 
struction. Aeroplane, May 4, 1938, page 523, 2 illus. 

Military Aircraft. Létecoére 582 long-range reconnaissance and bomber 
flying boat (three Gnéme Rhéne Mistral Major 14 Krs. 740-hp. engines, 
bomb load 1200 kg., top speed 279 km./hr. at 2200 meters), and the Praga 
E. 45 single-seater fighter (Hispano-Suiza 12 Ybrs 860-hp. or Rolls-Royce 
Kestrel V 600-hp. engine, top speed with the 12 Ybrs 415 km./hr. at 4000 
meters). Descriptions. Luftwehr, March, 1938, pages 119-120, 3 illus., 
2 tables. 

Transports Today and Tomorrow. H. F. King. Trend of commercial 
aircraft design with particular reference to foreign developments. Shapes 
and relative sizes of 17 American, French, Italian, and German flying boats 
and airplanes are shown. Small twin-engined airplanes are compared, the 
three-engined layouts discussed, the really large multi-engined landplanes, 
flying boats and floatplanes are considered, and developmental costs of the 
Devyglas D.C. 4, and the design of the Bloch 160 (four liquid-cooled 700- 
hp. Hispano X engines) are referred to. Data on representative large com- 
mercial aircraft of the world (14 American, 6 British, 11 French, 7 German, 
5 Italian, and 1 Russian) are giveninatable. Flight, April 28, 1938, pages 
408c—408f, 409-411, 20 illus. 


FRANCE 


Airplanes in Test. First issue—Amiot 370 racing airplane has been pow- 
ered with new Hispano-Suiza engines giving about 1200 hp. each and having 
been prepared especially for it. Brief reference only to this airplane and to 
the flying model of the Potez-Cams 161 transatlantic flying boat (six Train 
6-T 60-hp. engines), the Loire-Nieuport 20 pursuit command and light 
bomber, and the Bréguet 690 C-3 combat and light bomber (two Hispano- 
Suiza 14-AB2 and 3 engines). 

Second issue—Bréguet 690 combat and bomber, Caudron C.690 trainer 
for pursuit pilots (Renault 220-hp. engine), and Potez 630 C-3 fighter- 
command (two Hispano-Suiza engines). Very brief references to these 
military aircraft and to the Farman 2230 (four Hispano-Suiza 12X engines) 
designed for Air-France Transatlantique, and the Potez 661 transport (four 
Renault engines) undergoing tests. Les Ailes, April 28 and May 5, 1938, 
pages 9 and 9. 

Two New Bréguets. Initial test flights are being made with the Bréguet 
730 naval flying boat (four Gnéme Rhéne 14 No. engines) and the fighter- 
light bomber 690 (two small-diameter Gnédme Rhénes or Hispanos). It was 
found necessary to arrange for induced draught in the cabin of the latter 
aircraft to prevent asphyxiation of the crew by exhaust gases. Brief ref- 
erence. Flight, May 12, 1938, page 475. 

Airplanes in Test. Romano 110 three-seater fighter-command (two 
Renault 450-hp. engines) should theoretically attain a speed of 480 km./hr. 
at 3500 meters, range should be 1300 km. at 320-km./hr. cruising speed, and 
a ceiling of 10,000 meters should be maintained with both engines and 
3000 meters with one engine. Brief note and references only to the following 
military aircraft: Latécoére 522 flying boat (six Hispano-Suiza 12Y engines) ; 
Bloch 150 pursuit, (Gnéme Rhoéne 14 No. engine, two cannons); Caudron 
C-690 pursuit trainer (Renault 220-hp. engine); Bréguet 730 flying boat 
(four Gnéme Rhone 14 No. engines); and the LeO-45 bomber (two Hispano- 
Suiza 14-AA engines). Les Ailes, April 21, 1938, page 9. 

The Formula of the Day. Bréguet 690 C-3 high-performance twin-en- 
gined three-seater. Photographs only. Les Ailes, April 21, 1938, page 1, 
6 illus. 

Lioré et Olivier LeO.H-246. Transport flying boat carrying a crew of 
four, 26 passengers, and 400 kg. of mail and freight. Powered with four 
Hispano-Suiza 12-Xirs ethyl-glycol-cooled 12-cylinder 720-hp. engines, the 
flying boat has a top speed of 335 km./hr. at 2000 meters and range of 1500 
km. Description. Luftwissen, March, 1938, pages 98-99, 4 illus., 1 table. 

Potez 66-1 and 66-2. Transports carrying two pilots and ten to twelve 
passengers. The 661 is powered by four Renault 6-Q 6-cylinder inline air- 
cooled 200-hp. engines and has a top speed of 326 km./hr. at 2000 meters. 
The 66-2 is powered by four Gnéme Rhdéne 14-Mars 14-cylinder aircooled 
two-row radials developing 680 hp. at 4000 meters, and has a top speed of 
470 km./hr. at that altitude. Description. Luftwissen, March, 1938, 
pages 100-101, 7 illus. 


GERMANY 


Aircraft. Buecker Bué-180 ‘‘Student’’ two-seater school, sport and tour- 
ng airplane is suitable for average aerobatics and serves as a transition 
from gliding to piloting airplanes. Powered by a Walter Mikron II 50/60- 
hp. aircooled inline engine it has a top speed of 175 km./hr. Description. 
Luftwissen, March, 1938, page 97, 2 illus., 1 table. 

Dornier Do-17 High-Speed Bomber. Metal airplane constructed for the 
German Air Force as well as for export. Jugoslavian model is equipped 
with two Gnéme Rhdéne 14 No. 1000-hp. engines. Range at 380 km./hr 
with 1000 kg. of bombs i is 2400 km Maximum speed reaches 420 km./hr. 
The latest model is equipped with Daimler-Benz 950-hp. engines and can 
carry two axial machine guns mounted in front of the fuselage, and a gun 
firing below from the radio station. Long description of both models and 
performance of the Jugoslavian model. Les Ailes, April 28, 1938, page 9, 
3 illus., 1 table. 

Flying in a German Bomber. Description of the ‘‘Arthur Martens’’ Dornier 
Do. 17 used in demonstrating the V.D.M. propeller described in a previous 
article. This version was not furnished with guns or bomb racks but the 
gun positions are referred to. The B.M.W.-powered version has a normal 
disposable load of 5049 lb., normal loaded weight of 15,452 lb., overload 
weight of around 17,850 !b., and maximum speed of 249 m.p.h. Standard 
German Air-Force version has two 950-hp. Daimler-Benz DB-600 inverted 
12-cylinder vee liquid-cooled motors giving a maximum speed of around 
286 m.p.h. at 13,120 ft. Safe outward range is reported to be 680 miles 
against a 40-m.p.h. head wind and carrying a 2000-lb. bomb load. Aero- 
plane, May 11, 1938, pages 579, 577, 578, 3 illus. 
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How a Junkers 9) Is Built. Skeleton fuselage, partly plated hull, the 
completed job, method of drilling for rivets in the hull, and the interior of 
the fuselage structure. Photographs only of the Junkers under construc- 
tion. Aeroplane, May 11, 1938, pages 580-581, 5 illus. 

Focke-Wulf Condor Large Transport. Condor 26-passenger airplane of 
33-meter wing span, when powered by four BMW-132-G engines has a top 
speed of 375-km./hr. and a 430-km./hr. top speed when powered by four 
BMW-132-Dc engines. Description. V.D.I., March 19, 1938, pages 
359-360, 3 illus., 1 table. 

Tough Looking Baby. Junkers 87 two-seater fighter-bomber contains 
up to 1100 lb. of bombs and mounts a 650-hp. Junkers Jumo 210 engine. 
Photograph only. Aviation, May, 1938, page 61, 1 illus. 


GREAT BRITAIN 


Latest model of the Armstrong-Whitworth Whitley bomber has been 
provided with two Rolls Royce Merlin liquid-cooled engines which may be 
the two-speed supercharged version operating most efficiently at 15,000 
ft. Brief reference. Aero Digest, May, 1938, page 24. 

British Commercial Aircraft. Current types from the small feeder-line 
or charter airplane to the largest liner are reviewed and illustrated including: 
the Airspeed Envoy Series III and Convertible Envoy; Armstrong-Whitworth 
Ensign 42-seater (four Siddeley Tiger IX 800-hp. engines); Avro 652 feeder- 
line and charter type (two Siddeley Cheetah IX engines); DeHavilland D.H. 
95 12-passenger (two Bristol Perseus XIIc 9-cylinder moderately-supercharged 
sleeve-valve radials, disposable load 5000 Ib., cruising speed over 200 m.p.h.) 
to be delivered next year, the D.H. 91 Albatross (four D.H. Gipsy Twelve 
inverted vee aircooled engines, cruising speed 210 m.p.h.), the D.H. 86B 
(four Gipsy Six 200-hp. engines), and the D.H. 89A Dragon Rapide; Heston 
Phoenix 5-seater; Miles X.2 four-engined 38-passenger transport mono- 
plane; Monospar Universal 5-passenger twin-engined; Percival Q.4 and 
Q.6 twin-engined monoplanes (Gipsy Major II and Gipsy Six engines, re- 
spectively); Short Scion twin-Pobjoy; and Short improved version of the 
Empire flying boats. Flight, April 28, 1938, pages 401-406, 15 illus. 

The Miles Transport Aeroplane. F. G. Miles. Miles X and X.2 large 
long-range four-engined transports with buried engines under development 
fortwo years. Design and constructional plans, and detailed description of 
the X.2 including structure, passenger and crew accommodations, power 
plant (four 900-hp. engines developed from the Rolls-Royce Kestrel), fuel 
tanks, radio, deicing equipment, general aerodynamics, and performance. 
Drawings illustrate a proposed reduced- scale model (two 125-hp. Menasco 
engines, one lying on its side, in each wing) and lines for the X.2 airliner. 
Aeroplane, April 27, 1938, pages 506-509, 9 illus., 1 table. 

Additional Orders. Merlin-engined Whitley IVs have been ordered. 
These engines are probably Merlin Xs with two-speed supercharging. Per- 
formance should be considerably improved with these engines for they each 
give 1000/1046 hp. at 2500 ft. and 925/965 hp. at 13,250 ft. Tiger-engined 
Whitleys have a speed of about 215 m.p.h. at altitude on a total of 1620 hp. 
Forward position of the heavier Rolls-Royce engine nacelles may necessitate 
other modifications. Brief reference. Flight, May 5, 1938, page 451. 

Combined Virtues. Arpin A.1 prototype monoplane making its first 
public appearance is a new pusher type having tricycle landing gear. It is 
powered by an A.D. 9R British Salmson radial of 68 b.hp. driving a four- 
bladed propeller. Castering front wheel is steerable. Estimated top speed 
is 108 m.p.h. Short description. Flight, May 12, 1938, page 479, 3 illus. 

Early Aircraft. Blackburn Dart, Supermarine Seagull Mk. III, Avro 
Bison Mk. II, Parnall Panther, Fairey Flycatcher, Gloster Grebe Mk. II, 
Siddeley Siskin IIIa, and Hawker Woodcock. Principal dimensions, per- 
formances, armament, and a few other details. Brief notes on aircraft used 
at one time in the Royal Air Force. R.A.F. Quarterly, April, 1938, Supple- 
ment, 8 illus. 

The Hurricane Unveiled. ‘‘A Detailed Description of the Fastest Fighter 
in Service in the World: Latest Aerodynamic Design Combined with Well- 
Tried Construction.’’ Hawker Hurricane single-seater fighter (Rolls-Royce 
Merlin II engine) has retractable landing wheels operated by two inde- 
pendent systems and retracting inwardly, retractable tail wheel, split flaps, 
part fabric covering, and fuselage having steel and duralumin parts side by 
side. Eight Browning machine guns are placed inside the wings. The 
Hurricane is not fitted with variable-pitch propellers. Top speed is es- 
timated at 330 m.p.h. and top-speed range as about 600 miles. Loaded 
weight is around 6000 lb. Long description of construction with cutaway 
drawings showing location of equipment. The Hurricane was recently 
flown at a speed of more than 400 m.p.h. Flight, May 12, 1938, pages 467— 
473, 16 illus. 

The Hawker Hurricane. Fastest fighter in the Service is powered with 
a Rolls-Royce 1050-hp. Merlin engine. Split trailing-edge flaps from aileron 
to aileron and across the bottom of the machine account for low landing 
speed of 60 m.p.h. Fighter has an estimated top speed of about 330 m.p.h. 
and ceiling of 39,000 ft. and climbs to 15,000 ft. in six minutes. Long de- 
scription of construction and use of fabric covering, and a cutaway drawing 
illustrating location of equipment and structure. Aeroplane, May 11, 1938, 
pages 573-576, 10 illus. 

Mayo Composite Aircraft Trials. Separation trials under fully-loaded 
conditions have been carried out successfully. When the separations were 
made the Mercury was carrying 1180 gallons of gasoline and had a loaded 
weight of 20,800 lb. After separation the Mercury successfully jettisoned 
its surplus gasoline load before landing. Brief reference. Engineer, May 
13, 1938, page 537. 

New Type Pegasus in the Wellesley. Wellesley is being fitted with a 
Bristol Pegasus X XII engine which is the first production model to give over 
1000 hp. for take-off, maximum for all-out level flight being 915 hp. at 6250 
ft. A special fairing behind the Long-Range Wellesley’s engines is sug- 
gested to improve the performance of the standard model. Brief reference. 
Flight, May 12, 1938, page 474. 


ITALY 


Savoia-Marchetti S-83 Commercial Airplane. A. Frachet. Monoplane 
of wood and steel construction is derived from the S-79 racing and bom- 
bardment airplane. Powered with three Alfa-Romeo (Bristol license) en- 
gines of 750 hp., and carrying ten passengers, the S-83 has a cruising speed 
of 380 km./hr. and range of 1500 km. Maximum speed is 425 km./hr. at 
5000 meters. Long description. Les Ailes, May 5, 1938, page 9, 
1 table. 

Caproni Ca. 310. Transport carrying two pilots and six passengers is 
used as a practice airplane for personnel in piloting bimotored high-speed 
or light bombers. Top speed when powered by two Piaggio P.VII C.16 
430-hp. engines is 346 km./hr. at 2250 meters. Short description. Luft- 
wissen, March, 1938, page 98. 


2 illus., 


U.S. A. 


Another Pusher. Tuscar tailless two-seater cabin pusher airplane now 
under test is said to do 120 m.p.h. with a 95-hp. engine. Photographs only, 
showing front and rear views. Flight, May 12, 1938, page 464, 2 illus. 

The Four Winds. Lockheed Aircraft have put a a specially constructed 
six-seater transport adapted from the 12a for the U.S. Army Air Corps com- 
petition. It has a top speed of 230 m.p.h. with two Ww asp Junior engines and 
is intended for transport of Army personnel or for training in multi-engine 
operation. Briefreference. Flight, May 12, 1938, page 464. 

Naval Corpulence. Points to note in the new Brewster single-seater fleet 
fighter for the U.S. Navy include the ‘‘method of retracting the under- 
carriage, the pilot’s headrest and the slinger ring-spinner over the hub of the 
Hamilton airscrew, which is likely to be of the new reversible-pitch type 
to retard speed in a dive.’’ Two small photographs. Flight, May 12, 
1938, page 475, 2 illus. 

Trouble in the States. Short reference to the grounding of 35 Seversky 
P-35 pursuit monoplanes of the U.S. Army Air Corps, ‘‘a 300-m.p.h. machine 
comparable with our Hurricane and powered with a 1000-hp. Pratt and 
Whitney Wasp. It seems strange that a well-tried engine such as this 
should be the sole cause of the trouble.’’ Flight, May 12, 1938, page 475. 

The 50 Hp. Aeronca. Aeronca KM two-seater airplane of the 50 series 
is powered by the Menasco M-50 engine and the Aeronca KCA is powered 
by the Continental A-50. Maximum speed is 100 m.p.h., cruising speed 


90 m.p.h., and cruising range 250 miles. Description. Aero Digest, May, 
1938, page 56, 3 illus., 1 table. Aviation, May, 1938, page 43, 2 illus., 1 
table. Western Flying, May, 1938, page 32, 1 illus., 1 table. 


Alcor Junior Transport. Alcor C-6-1 eight-place twin-engined low-wing 
monoplane developed from designs by A. H. Lockheed. Two Menasco 
C6S-4 6-cylinder inline engines, rated at 250 hp. at 5000 ft., are mounted 
horizontally by Lord shock-mounted cantilever arms, the cylinders extending 
inwardly. Top speed is 211 m.p.h. at 500 hp. at 5500 ft. Long description. 
Aero Digest, May, 1938, pages 62, 96, 3 illus., 1 table. Aviation, May, 
1938, pages 36-37, 5 illus., 1 table. 

Dart Model G. Two-place cabin monoplane powered with a Lambert 
R-266 90-hp. engine. Top speed is 132 m.p.h. and cruising range 565 miles. 
Short description. Aviation, May, 1938, page 44, 2 illus., 1 table. 

The Douglas DC-4 Transport Nears Completion. DC-4 42-passenger 
240-m.p.h. commercial land transport scheduled for flight tests next month. 
Prototype will go through its initial acceptance tests powered with Twin 
Row Hornets producing 5600 hp. for take-off. Two auxiliary engines work- 
ing independently supply 115 volts for operating appliances and lighting. 
The airplane has retractable tricycle landing gear and the production model 
will have substratosphere cabins. Included in the description is an account 
of the development, the wind-tunnel and tank-vibration tests as well as 
the main landing-wheel drop tests. Aero Digest, May, 1938, pages 28-29, 
96, 4 illus., 1 table. 

Fleet Freighter. Cargo carrier cabin has 320 sq. ft. of floor space and 
ample cargo doors, and can be operated on wheels, floats, or skis. The 
plane is designed to meet the exacting requirements of air transport in 
Canada. Cabin space provides room for 12 to 14 passenger seats if re- 
quired. Powered with two Jacobs L-5 285/300-hp. engines the airplane has 
a payload of 2000 lb. (with fuel for 300-mile range) and top speed of 129 
m.p.h. Description. Aviation, May, 1938, pages 34-35, 6 illus. 


Fleetwings Sea Bird Amphibion. Hull of the 1938 F.5 Sea Bird 4-place 
amphibion is of entirely new design giving improved water and aerody- 
namic characteristics. Additional simplicity of the stainless steel con- 
struction has been gained by utilizing a semimonocoque type hull instead 
of the tubular structure of the 1937 model. Powered with a 285- hp. 
Jacobs L-5 engine the amphibion has a top speed of 150 m.p.h. and cruising 
range of 540 miles. Long description. Aero Digest, May, 1938, pages 
46, 96, 3 illus., 1 table. 

Russia. Seversky Aircraft Corporation has completed tests on the 
‘“‘Amphibion Fighter’ for the Russian Government. This is the latest ver- 
sion of the SEV-3 and is designed for a normal range of 3000 miles with 
full military load. By full use of the wing as a fuel tank this range can be 
increased to about 6000 miles. Manufacturing rights on the ‘ ‘Amphibion 
Fighter’ and ‘‘Convoy Fighter’’ have been purchased by Russia. Few de- 
tails of the former. Aero Digest, May, 1938, page 24. 

The Stinson SR-10. Four 1938 models of the five-place cabin airplane, 
namely the SR-10B (245-hp. Lycoming R-680-D6 engine, 145.8-m.p.h. 
cruising speed and 650-mile cruising range), the SR-10C (260-hp. Lycoming 
R-680-D5, 150.4-m.p.h. cruising speed and 675-mile cruising range). The 
SR-10ED (320-hp. Whirlwind R-760-E2, 163-m.p.h. cruising speed and 
815-mile cruising range) and the SR-10FD (either 450-hp. Wasp Junior SB 
or 440-hp. TB, 183-m.p.h. cruising speed, 700-mile cruising range) Re- 


finements in design, and structure are described. Aero Digest, May, 1938, 
pages 58-60, 5 illus., 1 table. 
Short description ‘of the Stinson SR-10-C. Aviation, May, 1938, page 


40, 3 illus. 


Aircraft Accessories 


Light-Weight Air Compressors. British Thomson-Houston 
single-stage single- and double-cylinder air compressors for aircraft. Long 
description ¢ the operation, installation, lubrication maintenance, and dis- 
assembly. Table gives variations in driveshafts and fixing bolt holes for 
the two types. Aircraft Engg., May, 1938, pages 152-153, 4 illus., 1 table 


Company 


Aircraft for High-Altitude Flight 


Supercharging the Stratoliner. H. Mansfield. Conditions in the strato- 
sphere, methods of maintaining sea-level conditions in the supercharged 
cabin of the new Boeing 307 Stratoliner, and a few other details of the air- 
craft. Stratosphere data reviewed are part of a report compiled in the 
“‘stratosphere’’ sections of the Boeing engineering department following 
lengthy research programs carried on by the U. S. Army Air Corps, airline 
operators and Boeing engineers. Western Flying, May, 1938, pages 18-20, 

2 illus, 


Aircraft Alighting Gear 


Fleetwings Valve for Gears, Flaps. New valve mechanism developed for 
use in hydraulically-operated retracting and extending mechanisms for 
landing gear and other parts. Valve provides an unimpeded low-pressure 
circulation of the hydraulic fluid from the pressure source and is available in 
a three-unit type taking care of three separate hydraulic systems. Aero 
Digest, May, 1938, pages 82, 84, 1 illus. 

Goodrich Develops New Brake. Airplane brakes ranging in size from a 
5-in. unit for light airplanes to a 25-in. unit to be used on the new four- 
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engined transports. A full ring of brake lining is articulated to conform to 
the eccentricities of brake drums and expanded into position by an inflated 
rubber-like tube held in a cavity of the torque frame. Short description. 
Aero Digest, May, 1938, page 84, 1 illus. Aviation, May, 1938, pages 50, 
72, Lillus. 

Hydraulic Equipment Developed. New directional control valve for use 
in hydraulic actuating systems and applied to engine-driven or manual pump 
systems, and a fully-automatic pressure regulator for use in hydraulic sys- 
tems. Brief reference to two new Aircraft Accessories Corporation prod- 
ucts. Western Flying, May, 1938, page 32. 

Landing Gear Forks Welded at Glenn L. Martin. H. R. Le Grand. 
Methods employed in welding, heat treating, machining, and inspecting the 
landing gear forks. Am. Machinist, May 4, 1938, pages 368-370, 5 illus. 


Aircraft Carriers 


Most important features of aircraft carriers belonging to the United States, 
Great Britain, France, Germany, and Japan are described in detail. V.D.I., 
March 19, 1938, pages 351-359, 15 illus., 2 tables. 


Air Transportation 


Airline Companies of the World. Ready-reference guide to operators and 
their fleets, both British and foreign, giving details of 165 companies cover- 
ing 300,000 route miles. Flight, April 28, 1938, pages 412-420, 9 illus. 

Foreign News in Brief. Mercury, upper component of the Mayo com- 
posite aircraft, and the DeHavilland Albatross will attempt Atlantic cros- 
sings this summer. Brief note referring also to the Transatlantic Air Con- 
ference. Aero Digest, May, 1938, page 24. 

Eastern Air Lines’ Ten Years of Progress. Historical resume. 
Digest, May, 1938, pages 64, 66, 68-69, 77-78, 14 illus. 

Subsidising—on the Right Lines. New situation created by the Cadman 
Commiittee’s report, and British airliners of the near future. Flight, April 
28, 1938, pages 408a-408b, 2 illus. 

A Super-Atlantic Air Line? Preparations and plans of American Export 
Airlines to operate an airline across the North Atlantic to the Mediterranean. 
Experimental flights are to start in the coming summer with a twin-engined 
Consolidated flying boat of the long-range patrol type used by the U. S. 
Navy. Company proposes regular services of two return flights per week 
with flying boats for 20 to 24 passengers in sleeping berths. Short note. 
Aeroplane, April 27, 1938, page 515. 

Air Lines of the World, 1938. Three-page map of the world’s airlines 
and a one-page map of European air routes. Aeroplane, May 4, 1938, pages 
543 and supplement sheet. 

The Air Transport Situation. F. D. Bradbrooke. Motives in the de- 
velopment of the three main types of air transport operations; the more 
speed, the less progress, or influence of the military background on civil 
aviation; a year of Intercontinentalism; long-distance pioneers; trans- 
oceanic beginning; British contributions; and growth of traffic. Aeroplane, 
May 4, 1938, pages 544-545. 

All the World’s Air Lines. Directory of all discoverable companies 
operating regular air-transport services, giving headquarters address, general 
territory served, and type of equipment used. Routes of operation are 
numbered on the maps with reference to this Directory. Aeroplane, May 
4, 1938, pages 547-553, 14 illus. 

On Air Transport. C. G. Grey. Value of frequent service; factors of 
success; American successes in air transport; English enterprise; Continen- 
tal competitors; and what Britain can supply in the way of transports. 
Aeroplane, May 4, 1938, pages 526-530. 

The Reorganization of the Rumanian Airlines. G. Tinta. Development 
of air transport in Rumania. Les Ailes, April 28, 1938, page 5, 3 illus. 

Service Within a Service. Methods employed by Imperial Airways in the 
maintenance of its flying boats. Flight, May 5, 1938, pages 442a—442b, 6 
illus. 

Technical Problems of Air Transportation. R. Steussel. New German 
aircraft for air travel on the Continent are discussed. Main characteristics 
and performance are given in tables for a few standard and new American, 
French, Italian, and English as well as German aircraft. The new aircraft 
includes the Ju90, F. W. 200 Condor, Ensign, DC-4 and DC-3, Fiat G-18, 
Farman 224, Dewoitine 338, and the Bloch 220. Other technical auxiliary 
means for flight under hazardous weather condition are also discussed. To 
be continued. Luftwissen, April, 1938, pages 113-119, 6 illus., 2 tables. 

What of Our National Air Services? Lord Grimthorpe. History re- 
peated in present national air services; handicaps and advantages for in- 
ternal lines; short-route fallacy; need for a policy; mail contracts; and 
means to training. Aeroplane, May 4, 1938, pages 531-532. 


Aero 


Airships and Balloons 


Airship Mooring in England. Capt. T. B. Williams. Few details only 
of the Barrow system. Continued. Airship, April-June, 1938, page 2, 2 
illus. 

Airships and Modern Warfare. J. E. Temple. Advantages discussed 
include ability to carry fighter airplanes and to do constant patrol work, use 
as naval auxiliary for patrol and reconnaissance at sea as compared with 
that of the light cruiser, and its superiority compared to the airplane in lo- 
cating minefields. Author’s ideal naval airship is described. Airship, 
April-June, 1938, pages 3-5, 1 illus. 

German Captive Balloons During the War 1914-1918. General Patart. 
Kite balloons in battle in 1918. Concluded. Airship, April-June, 1938, 
pages 6, 5, 1 illus. 

Military Aerostation in France. Lord Ventry. Visit to the French 
lighter-than-air base at Compiégne is described with details and illustrations 
ef the MBZ-3 motor balloon. Airship, April-June, 1938, pages 7-8, 5 illus. 

News and Notes. Interesting experiments with hot-air balloons have 
been carried out during recent months in Austria. Different types of burn- 
ers have been taken up into the air and some successful flights made, in- 
cluding an ascent to about 16,000 ft. Brief reference. Airship, April- 
June, 1938, page 14. 

Japanese Army is using motor kite balloons in the Chinese war. In the 
early days many balloons were shot down. Well guarded helium-inflated 
decoy balloons were sent up which resulted in the attacking airplanes being 
destroyed. Since then balloons with double gas bags have been used, the 
inner bag being filled with hydrogen and the outer with helium (or possibly 
other inert gas). Brief reference from L’Aérostier. Airship, April-June, 


1938, page 14. ; ak 
Recently heavier-than-air craft and airships were sent out to look for 
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floating mines reported off the French coast. The former found none but 
= airship was successful. Brief reference. Airship, April-June, 1938, page 


Poland. The Polish 135,000-cubic meter balloon which will be used to 
attack the altitude record is under construction at a plant at Ligionowo, 
near Warsaw. The envelop is nearly finished. It appears extremely light 
and weighs only 90 gr. per square meter. The departure will be from 
Ojcow near Cracow in a very sheltered valley because the inflated balloon 
will be 120 meters high! Brief note. Les Ailes, April 21, 1938, page 6. 


Propellers 


Adjustable-Pitch Wood Propellers. Freedman-Burnham propeller blades 
are constructed of alternate laminations of birch and African mahogany and 
are tipped with brass. Propeller is 5 ft. 6 in. in diameter and weighs 8 Ib. 

4 oz. At present it is being produced for airplanes equipped with the 
Continental A-40 engine. Few details. Aero Digest, May, 1938, page 84. 

Determination of the Inertia Moments of a Propeller. Calculations and 
test arrangement are shown and points to be observed are listed. Luft- 
wissen, March, 1938, page 84, 1 illus., equations. 

A Matter of Airscrews. Aircraft accidents in which the propeller came 
off in the air. Questions asked in the House of Commons regarding the 
number of instances since January 1, 1937, in which the complete noses and 
complete gearboxes of motors belonging to R.A.F. aircraft came off together 
with the propellers. Similar figures for civil aircraft were requested. Brief 
note. Aeroplane, April 27, 1938, page 496. 

An Airscrew Achievement. The V.D.M. propeller is standard equipment 
for the German Air Force and will be manufactured in England. Whole 
of the gear for changing pitch is arranged behind the plane of the propeller 
blades and is driven by a 12-volt motor. Pitch is varied through epicyclic 
gearing and can be changed from a negative angle right around to the fully- 
feathered position in which the blades are edge-on to the airflow and so create 
very little drag when stopped. Recent German aircraft establishing records 
were equipped with this type of propeller. Description and account of 
demonstration of the Dornier Do.17 using the propeller. Aeroplane, May 
11, 1938, pages 577-578, 2 illus. 

Recent Investigations of Propeller Noise. W. Willms and W. Ernsthau- 
sen. Intensity and phase of the elementary slipstream, sound measurements 
on propellers, and propeller sound output. Over the tip speed the acoustical- 
mechanical efficiency is plotted in a graph and is given in the average with 
the present dimensions employed on propellers at that particular tip speed. 
From the efficiency of the single components total efficiency, that is total 
sound output, is extrapolated. For propellers an acoustical-mechanical 
efficiency of 1 per thousand was found and, for tip speeds from 0.6c to 0.95c, 
a variation of efficiency of 1:30. Atlow tip speed sound output pertaining 
to equal mechanical output is only 1/30 and the fundamental tone is domi- 
nating. At higher tip speeds the harmonics are dominating. Since the 
overtones are decisive for the sound intensity impression, the propellers 
with higher tip speed in close proximity, as in the cabin, are very unpleasant. 
At a distance, propellers of various tip speeds are not distinguished to such 
an extent, since, due to absorption of air, the fundamental tone will pre- 
dominate and the latter does not change very much with tip speed. Luft- 
wissen, April, 1938, pages 128-134, 15 illus., many equations. 


Aircraft Instruments and Navigation 


Aircraft Instruments. Manifold pressure gauge, airspeed indicator, and 
other instruments produced by the United States Gauge Company, some of 
which have already been furnished the Army Air Corps. Brief reference. 
Aero Digest, May, 1938, page 82, 2 illus. 

“Blind’’ Flying by Instruments. Standard equipment of the Royal Air 
Force for blind flying, known as the ‘‘Flying Instrument Panel.’’ Short note. 
Jour. Scientific Instruments, April, 1938, page 146. 

General Electric Instruments. Wing-flap and landing-gear position in- 
dicator is operated by d-c Selsyns or self-synchronous motors, one device 
being operated at the sending point and other at the indicator. Brief note. 
ao Digest, May, 1938, page 84, 3 illus., Aviation May, 1938, page 72, 2 
illus. 


Airport Equipment 


The Bellman Transportable Aeroplane Hangar. MHangars are equally 
suitable as transportable or permanent units and have been adopted as 
standard type by the British Air Ministry. Any size up to 95 ft. in width 
and 25 ft. in height and any length, may be made, the various sizes being 
constructed from the same units. Description. Engineering, May 6, 1938, 
pages 515-516, 504, 11 illus. 

Electric Wind Vane. Stewart wind vane accurately indicates wind di- 
rection at a remote control point, day or night. It is equipped with elec- 
trical contacts for connection by cable to eight separate lights arranged on a 
dial indicator, each light corresponding to one of eight points of the com- 
pass. Few details. Aviation, May, 1938, page 50, 1 illus. 

Sodium Runway Marker. Westinghouse runway marker light casts a 
horizontal instead of vertical beam and is buried beneath the runway surface 
except for the head containing lens and light element. Few details. Avia- 
tion, May, 1938, page 72. 


Miscellaneous Equipment 


Supplies and Equipment for Aircraft Operation, for Airliners and for Air- 
ports Lists of British manufacturers. Aeroplane, May 4, 1938, pages 558- 
559. 

Weighing Precision. Avery wheel weigher designed for complete check- 
ing of the load of an airplane, takes loads up to 7 tons and weighs 54 lb. 
The weigher has been approved by the British Air Ministry. Brief de- 
scription. Aeroplane, May 11, 1938, page 590. 


Photography 


Knemeyer Triangle Computer Used in Aerial Photography. Oberst- 
leutnant Fischer. Use of the Knemeyer computer in laying out the flight 
plan. Examples illustrate the calculation of the scale from height and focal 
distance, and of height from scale and focal distance. Calculated results 
are compared with those obtained with the Knemeyer computer. Other 
computations given include: determining values for inclined exposures 
transverse to the direction of flight and parallel to the horizon; calculating 
covered terrain with the perpendicular exposure; values for a hand camera 
exposure, f = 19 cm.; and calculation of film consumption and number 
of exposures. Luftwehr, April, 1938, pages 153-155, 5 illus. 

















AERONAUTICAL REVIEWS 


Engine Design and Researck 


Aircraft Engines—Status and Future Development. F. Gosslau. For 
higher aircraft-engine performance unusual designs will be introduced al- 
though structural elements will remain the same. Within the next five 
years 2000- and perhaps 3000-hp. engines will be attained and for this pur- 
pose multicylinder radial inline engines will be developed. Unit weight 
will not drop below 0.5 kg./hp. Drive of accessories by special auxiliary 
engines will relieve the main engines. Power output for cooling will prac- 
tically disappear. Air and liquid cooling will continue to compete side by 
side for maximum ——— efficiency. Fuel consumption for the Otto 
engine will approach that for the Diesel although not quite attaining it. 
Altitude flying will remain the objective of development for military and 
long range propositions. For this purpose superchargers and their drive 
possibilities will make considerable progress. Automatic drive regulators 
for many purposes will simplify airplane piloting and increase economy. 
V.D.I., March 19, 1938, pages 333-343, 38 illus., 1 table. 

Engines with Rigid Connecting Rods. If the rod which connects the pis- 
tons to the crankshaft could be displaced rigidly in the axis of the cylinder, 
without lateral balancing, the design of the modern aviation engine would 
undergo great and fortunate changes. Different solutions possible are ex- 
amined. Theorem of La Hire has been applied by M. Le Grand to de- 
velop an engine with rigid connecting rods and short pistons which present 
very interesting details. M. Hebrard has realized a heavy-oil two-cycle 
engine in which motion of the piston is transformed in rotation by a frame of 
the small end of the connecting rod. Discussion of the Le Grand and 
Hebrard designs. Les Ailes, April 21, 1938, page 7. 

Pistons for Aircraft Engines. P. Sommer. Aircraft-engine pistons in 
use in Germany and other countries in recent years are described and trends 
of development in their construction are traced. Structural forms, dimen- 
sions, methods of manufacture, and materials are considered and future 
trends are predicted from present examples. Luftwissen, March, 1938, pages 
79-84, 15 illus. 

Power for Transport. High-altitude engine operation, the Diesel ques- 
tion, and British engines for transport aircraft are discussed. Flight, April 
28, 1938, pages 423-424, 1 illus. 

Improvements in the Bearing Qualities of Pistons of Motor Car Engines. 
E. Koch. As pistons are usually either ground or diamond-turned, the 
surface has grooves at right angles to direction of friction and these grooves 
must be worn down in service. Photomicrographs in the original article 
illustrate the original grooves and worn surfaces, and pistons untreated 
and treated by the electric oxidation process (Eloxieren) and by a newly de- 
veloped tinning process. Untreated piston is subject to strong local cor- 
rosion and pitting and the electrically oxidized surface is inclined to seize. 
Tinned surfaces show rapid running-in properties and an early stabilization 
of a smooth surface which wears little. Running-in time of tinned alumi- 
num-alloy pistons is less than one hour. Details of tinning process given. 
Short abstract from V.D.I. December 18, 1937, pages 1458-1460. Journal 
Royal Aeronautical Soc., May, 1938, page 471. 

The Problem of Detonation. M. Serruys. Influence of the phenomenon 
on design and development of internal combustion engines. Antiknock 
head enabled the author to raise the volumetric compression of a small 
sleeve-valve engine to 10:1 without causing detonation, even with only 59 
octane gasoline, but in use this head was inferior to a good head of classical 
design. Nuclear theory of combustion is considered as a valuable guide for 
determination of any modification in the construction, design, or working 
conditions of engines as regards their detonation. 

Discussion covers: state of research work in 1930; experimental methods 
and apparatus for studying the physical properties of detonation; detona- 
tion characteristics shown by piezometric and thermal indications; energy 
effects of knocking; self ignition and detonation; theory of detonating com- 
bustion; diverse consequences of the nuclear combustion theory and recent 
confirmation of it; chemical conditions of the ignition of carbureted mixtures; 
and influence of the different characteristics of construction and running of 
engines on detonation, including intake pressure and temperature, hygro- 
metric degree, temperature of the walls, compression ratio, richness of mix- 
ture, volume of burnt gases, shape of combustion chamber, position of 
spark plug, and nature of the walls. Long article translated from La Science 
Aérienne. Aircraft Engineering, May, 1938, pages 143-151, 27 illus. 

Two Airplane Manufacturers Developing Diesel Engines. Wright Aero- 
nautical Corporation and Pratt & Whitney Aircraft Company are said to be 
hard at work on a highly confidential Army and Navy project looking toward 
development of Diesel engines for American military and naval aircraft. 
Development is aimed at producing engines capable of developing 2000 hp. 
or more. It is believed that some of the $15,000,000 allotted in the Navy 
Bill for prototype construction will go into the Diesel project. Brief note. 
Science News Letter, April 2, 1938, page 212. 


Engine Testing 


Application of Electrical Engineering to the Test Stands of the Aircraft 
Engine Industry. FE. Loetterle. Single-cylinder test installation of the 
DVL is equipped with a Siemens-Schuckert d.c. electrodynamic performance 
balance (100 to 170 b.hp. at 1500 to 4000 r.p.m.). A test stand for aircooled 
engines is arranged in a tunnel with both pressure and suction blowers and 
has a d.c. balance (1000 b.hp., 1200 to 2000 r.p.m.), and cooling blower with 
three-phase synchronous motor (600 kw., 6 kv., 1000 r.p.m.), controllable 
down to 500 r.p.m. by means of a liquid starter. Balance and cooling blower 
are installed in a streamlined frame in the center of the working mount with 
the aircraft engine. Equipment of the soundproof observation room and 
electrical center for all the test stands is also described. Super-charger test 
stand is furnished with a balance (250 hp. at 1000 to 4000 r.p.m.) supplied and 
controlled by grid-controlled current rectifier from a 6-kv. 3-phase current 
network. Fuel-pump test stand has a small balance (10 hp., 1000-3000 
r.p.m.) controlled by a Leonard transformer. Luftwissen, March, 1938, pages 
85-88, 8 illus. 

New Single-Cylinder Test Plant of the D.V.L. W. D. Bensinger. Prin- 
cipal features of the reconstructed test plant include welded steel construc- 
tion for bed plate and crankcase and a variable compression adjustment 
by which the cylinder is raised or lowered. Special pumps are fitted, as 
well as two magnetos which can run together with or without separate ad- 
justment, and crankshafts giving 110-mm., 124-mm., 130-mm., 140-mm., 
and 162-mm. stroke. Short abstract from A.T.Z. December 25, 1937, 
pages 621-623. Journal Royal Aeronautical Soc., May, 1938, pages 472- 

Short Technical Notes. JCE pressure measuring device for measurement 
of oil pressure, weight, and torque; FKFS apparatus for the determination 
of ignition delay; R.H.D. (English) oil pump; FKFS fuel test apparatus; 
and air brakes developed for the test of aircooled aircraft engines up to 100 
hp. Short descriptions. Luftwissen, April, 1938, pages 141-146, 12 illus. 
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Test Stands. Short description of the engine test stand of the French 
firm of Air Equipment as well as of the Pratt and Whitney test stations. 
Luftwissen, March, 1938, pages 101-102, 5 illus. 


Engines 


160 Aero Engines. Specifications and analysis of 71 American, 28 British, 
19 Czechoslovakian, 23 French, 15 German, and 4 Italian aircraft engines, 
representing 29 makes. Average weight is 2.23 Ib./hp. The lowest is the 
12-cylinder Mercedes Benz weighing 1.50 Ib./hp. although the German 
average is 2.10 Ib. French engines have the lowest average weight, 1.99 
Ib./hp., and American engines the highest with an average of 2.43 lb./hp. 
Aircraft engines made in the United States turn over slower. Lowest 
compression ratio is 5.00 for the two Armstrong Siddeley models and the high- 
est, exclusive of Diesels, is 8.50 for a Pobjoy model. Coatalen Diesel is the 
highest of that class having 18.00. Engine types, cylinder materials, cooling 
systems, and average r.p.m. at cruising speed are also compared. Automo- 
tive Industries, May 14, 1938, pages 663-667, 1 illus., 2 tables. 

Maintaining the Continental. J. G. Thompson. Recommendations for 
maintenance of the Continental A-40 horizontally-opposed 4-cylinder 
aircooled aircraft engines, covering particularly ignition, valves and timing, 
carburetion, lubrication, and servicing. Table of engine clearances is given. 
Western Flying, May, 1938, pages 21-22, 2 illus., 1 table. 

Military Aircraft Engines in Germany P.H. Wilkinson. German pro- 
gram for military aircraft-engine production has been divided into three 
groups, the engines being produced for aircraft for general utility purposes, 
for high-performance aircraft, and for long-range aircraft. Each group may 
thus be specifically designed for the particular types of aircraft they are to 
power. 

This issue gives a few details of the first two groups of engines and aircraft 
using them. General utility group includes the new Bramo Fafnir 323 9- 
cylinder radial (1637-cu. in. displacement, fully supercharged model 850 
hp. at 2450 r.p.m. for take-off, moderately supercharged 950 hp. for take-off) ; 
B.M.W. 132 De (1691-cu. in. displacement, 870 hp. at 2370 r.p.m.) and 
B.M.W. 6u (2864-cu. in. displacement, same horsepower). 

High-performance engines are liquid cooled inverted-vee 12-cylinder de- 
signs with very low frontal area for use in high-speed fighters and fighter 
bombers and comprise the Junkers Jumo 210 (1202-cu. in. displacement, 
690 hp. for take-off) and the Jumo 211C (2136-cu. in. displacement, 1025 hp. 
at 2300 r.p.m. at 5600 ft.), and the Mercedes Benz DB600 (moderately 
supercharged model 1000 hp. for take-off, and fully supercharged 920 hp 
at 2400 r.p.m. at 13,120 ft.). Aviation, May, 1938, pages 46—47, 5 illus. 

Alvis Advances. Heads and valves of the new Alvis Leonides 11-3/4- 
liter 9-cylinder radial engine are practically interchangeable with those of 
the two-row Maeonides, the bore being the same, but stroke of the Leonides 
is a little shorter. Power figures of well over 400 hp. have been obtained 
in tests of the Leonides. Design is more simple than in other Alvis models. 
Sets of components for the Maeonides are on the way, two 18-cylinder A\l- 
cides are ready for assembly, and the 14-cylinder 1000-hp. Pelides has 
been type tested. Brief reference. Flight, May 5, 1938, page 454 

British Aero-Motors for Air Transport. Engines of eight companies 
which are used in, or are suitable for, air transport. Few details and per- 
formance. Aeroplane, May 4, 1938, page 557. 

Hard Bores for Easier Flights. J. C. Ward, Jr. Processes at Pratt & 
Whitney which gives nitrided cylinder barrels a glass-hard finish that adds to 
their resistance to wear. American Machinist, May 18, 1938, pages 410- 
412, 3 illus. 

The Four Winds. Aquila, Perseus and Hercules Bristol sleeve-valve 
engines are to be manufactured under license by Alsthom, French Thomson 
Houston Company, according to reports. Brief reference. Flight, May 12 
1938, page 464. 

Mawen Aircraft Engine Unique. Both crankshaft and assembly of crank- 
shaft and cylinders revolve in this French radial engine. Cylinder assembly 
revolves in the opposite direction inside a stationary annular ring in which 
are ports performing valving or distribution functions. Cylinder block 
turns only one-ninth as fast as the crankshaft. Each cylinder head has a 
sort of tubular extension or neck which comes close to but does not actually 
come in contact with the annulus. A gas-tight joint is effected by means 
of sliding members inside and outside the tubular extension which are 
pressed into contact with the annulus bore. A 150-hp. engine of this type 
passed a 100-hour French Air Service test. A 350-hp. engine was under 
construction and designs for a two-row radial of 700 hp. were started. A 
light radial aircraft engine of the same name is being built in Long Island 
City. Description of the French engine, translated from La Technique 
Modern. Automotive Industries, May 21, 1938, pages 700-701, 2 illus. 

Technical Notes. An eight-cylinder engine forming a square plane and 
operating on the Diesel cycle has been developed by G. Langrognet and is 
under test. Each cylinder constituting a side of the square is terminated 
at its extremities by two combustion chambers. Each double piston is 
coupled at its middle by an oscillating crosshead to four branches, articulated 
around the center of the square. One single connecting rod, articulated on 
one of the levers and connected to the crankshaft, assures the transfor mation 
of the oscillations of the pistons in continuous rotation. Brief note. Les 


Ailes, April 28, 1938, page 8. 


PARTS AND ACCESSORIES 

“‘Cell-Faced’’ Piston Rings. Wellworthy cell-faced rings, while appar- 
ently of large bearing area, actually consists of thousands of minute cells, 
clearly observable with a microscope. Since each of these pockets retains 
oil, there is no scuffing of either ring or barrel during the bedding-in process. 
Certain of the softer elements, such as iron itself, together with graphite is 
dissolved out of the surface leaving the phosphide network standing out 
from the main body of the material. Brief note. Flight, May 12, 1938 
page 466d. 

BG Electrode Former. BG M-402 electrode forming and adjusting tool 
designed to provide uniform clearance between center electrode and four- 
point shell electrodes of BG plugs when adjustments are made in service. 
Description. Aviation, May, 1938, page 50, 1 illus. 


Fuels and Lubricants 


How Much is 100 Octane Worth? Value of 100-octane fuel discussed at 
recent Airline Maintenance Committee meeting. J. H. Doolittle lists de- 
sirable characteristics of any aviation gasoline, points out reductions in 
specific fuel consumption obtained for 100-octane fuel in engines designed 
specificially for its use, predicts the use of only one fuel instead of a higher 
octane fuel for take-off, and explains detonation effects on engine parts. 
S. D. Heron describes effect of octane number on performance. W. H. 
Hubner makes a strong plea for standardization of aviation fuels, and dis- 
cusses Army Air Corps., ASTM-CFR motor, and modified motor methods 
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of determining octane numbers. Short abstracts. Aviation, May, 1938, 
pages 30-31. 

Observations on Specifications for Aircraft-Engine Lubricants for Use in 
Otto Engines. K. Mayer-Bugstroem and E. Reussner. German lubri- 
cant specifications are discussed, including dev elopment of test specifications, 
their purpose and contents, and laboratory and aircraft-engine tests. Luft- 


wissen, April, 1938, pages 138-140, 1 table. 


Metals 


West Holds Successful Metal Congress and Exposition. Account of 
meeting and a brief review of papers. Brief references are made to a few of 
the papers in the aeronautical program including: metals used in the air- 
craft industry, discussed by J. R. Goldstein; special forgings for aircraft 
service, by W. Naujoks; and stainless steel for aircraft, C. de Ganahl and 
W. L. Sutton. Heat Treating and Forging, April, 1938, pages 187-190. 

Magnesium and Its Alloys. Ina pamphlet by J. R. Haughton and W. E. 
Prytherch, it is stated that work carried out at the Chemical Research 
Laboratory has shown that an addition of 1 per cent quinoline to motor 
fuels will completely eliminate any corrosive effects of tetraethyl lead in 
fuels on parts of magnesiumalloy. Brief reference. Automotive Industries, 
May 14, 1938, page 662. 

Welding Inconel. F. G. Flocke. Exhaust gases of the high-octane and 
heavily- doped gasolines used in airplane engines are said to have no delete- 
rious effects on Inconel exhaust manifolds or cabin heater parts. Since 
Inconel is not subject to weld decay, no annealing or passivation after 
fabrication is necessary. Aeronautical parts made of Inconel, physical 
properties of the annealed sheet metal compared with those of nickel, 
Monel and mild steel, and welding methods using No. 42 Inconel gas welding 
rod and Inconel gas welding flux are described. Aero Digest, May, 1938, 
pages 30-31, 6 illus., 1 table. 

Welding Stainless Steel. W.D. Wilkinson, Jr. Advantages of stainless 
steel for structural parts of aircraft, a few examples of its use in foreign air- 
craft, physical properties that may be expected in 18-8 annealed and cold- 
rolled, Johnson-Euler curve for steel compression columns, and spot welding 
of cold-rolled stainless steel. Western Flying, May, 1938, pages 12-14, 3 
illus., 1 table. 


Miscellaneous 
Wood as a Homogeneous Material. P. Brenner. DVL research on a 
method of improving wood for light structures. Properties of wood as a 
structural material; problems of wood improvement; theoretical founda- 
tions and preliminary DVL experiments; experiments with specimens 
impregnated with synthetic resin and with specimens glued with synthetic 
resin; method of preparing test pieces for the latter tests; density and mois- 
ture content, strength and elasticity, moisture absorption, swelling and 
shrinkage of the improved wood; tests of the suitability of joints for gluing 
and bolt joints; application of improved wood in aircraft construction; and 
economics of the improvement process. To be continued. Translation 
from German report. Aircraft Engineering, May, 1938, pages 129-134, 13 
illus., 5 tables. 


Plastics 


A New Plastic Material. Catalan cast synthetic resin supplied in rods, 
tubes, sheets or special castings, is noninflammable and resists acid. Air- 
plane parts such as control wheels, throttle and control knobs, levers and 
switches can be made from Catalan. Brief note. Aeroplane, May 11, 
1938, page 590. 


Aircraft Radio 


Aero Radio Digest. Series of four Collins Model 203C ground station air- 
craft transmitters; series of six new aeronautical maps designed for use in 
aircraft radio direction finding and announced by the U. S. Coast and 
Geodetic Survey; Practical Radio Range Data manual; four-nation Trans- 
atlantic Air Conference dealing with coordination of aircraft radio communi- 
cation and navigation facilities in transatlantic service; Bendix Type TA- 
2D aircraft transmitter for airlines and advanced sportsmen pilots; and 
Lear Models UT-6 and UT-6B 6-frequency transmitters and Model ARC-5 
aircraft radio compass. Brief descriptions and additions to list of frequency 
measurements available to radio transmitter owners. Aero Digest, May, 
1938, pages 86, 88, 7 illus. 

Coast Guard Radio. D. Fink. Development of aircraft direction finders 
by the U. S. Coast Guard, their calibration, radio installation on the new 
Hall Seaplanes, and an improved type of direction finder under development. 
In addition to the conventional aurol-mil type of indication, the improved 
direction finder will utilize a cathode-ray indicator in the form of a vacuum 
tube having a fluorescent screen on which a line image appears in such a 
manner that relative line of bearing obtained by the direction finder is in- 
dicated. Large patrol seaplanes would carry two cathode-ray indicators, 
one near the radio operator and other in the control cockpit. Aviation, 
May, 1938, pages 48-49, 70, 5 illus. 

New Microphone Introduced. Universal aircraft microphone designed 
to fit all transmitters weigns 8 ounces co.nplete, is not affected by heat, 


humidity, ani operates vertically or horizontally, face up or down. Brief 
reference. Western Flying, May, 1933, page 32. 
New Type ‘‘Horn’’ Antenna Produces Sharper Radio Beams. Flared 


electromagnetic horn developed by W. L. Barrow of M. I. T. is used as an 
“antenna’’ to project the waves into space much as acoustical horns concen- 
trate sound wavesintoa beam. It holds particular promise of being useful in 
so-called micro-ray communication and is said to have widespread applica- 
tion in controlling airplane blind landings. Waves starting from a small rod 
in the throat of the horn are forced to follow guiding surfaces of the horn 
straight out into space and cannot easily double back on wires and other 
apparatus to be radiated in unintended directions. Short deserpition. 
Science News Letter, May 14, 1938, page 313, 1 illus. 

Some Design Considerations in Adcock Direction Finders. H. W. 
Roberts. For purposes of radio direction finding, propagé ation of the radio 
wave front should be consitered as a four-dimensional paenomenon, t.e., 
occurring in three dimensions as a function of time. Example of the arrival 
of a radio wave front is explained. E limination of night effect is considered, 
and elimination of disadvantages of the Adcock antenna during its develop 
ment are discussed. Basic requirements of the Adcock design in regard to 
minimum standard wave error, maximum pickup factor, and minimum in- 
strumental error are taken up. Some of the main variations of the original 
Adcock principle are described, including the latest British development and 
developmental work done by Pan American Airways. Aero Diz gest, May, 
1938, pages 52, 54, 60. 4 illus 
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Wireless-Controlled Flight. Development of apparatus for use as a link 
between direction tinder and automatic pilot has been undertaken by Mar 
coni’s Wireless Telegraph Company. By means of this apparatus signals 
received on a Type A.D. 5062B standard direction finder fitted with a visual 
indicator for homing, are caused to actuate a P.B. automatic control made 
by P.B. deviator, Ltd., of Croydon. Automatic control system is not only 
applicable to cases where it is desired to fly directly toward (or directly away 
from) the beacon station. By suitable orientation of the frame, the airplane 

may be flown on ?ny course with respect to the transmitter, varying from a 


direct straight line to a circle with the transmitter at its center. Short de- 
scription. Wireless World, March 17, 1938, pages 249, 248, 1 illus. 
Royal Equipment. Marconi radio equipment fitted to H. M. King 
xahzi’s new Percival Q6 aircraft. Photographs and a few details. Wireless 


World, May 5, 1938, page 403, 2 illus. 


Meteorology 


Notes on Small Captive Balloons for Low Altitudes with Remarks on Air- 
port Fog Situations. Major W. H. Wenstrom. Balloon, instruments and 
captive string are of such light construction that an airplane could cut 
through them without injury to itself. Method is described for determining 
wind direction and velocity and/or air-mass characteristics up to altitudes 
around 1000 ft. (provided winds encountered are less than 15 m.p.h.). 
In certain weather situations, such as dense fog, it is the only method prac- 
tically available at present. Am. Meteorological Soc., Bul., February, 
1938, pages 55-59, 2 illus. 


Aeronautical Industry and Production 


Ali-Metal Construction at Hatfield. New plant including a big drop 
hammer and die foundry and a 1000-ton hydraulic press, which has been put 
down at the De Havilland factory for high-speed production of shaped 
sheet-metal components. Aeroplane, April 27, 1938, page 510, 3 illus. 

Curtiss Propeller Division Formed. Production of the new division is 
confined to the constant-speed full-feathering electrically-operated pro 
peller, and also to a light-weight fixed-pitch all-metal propeller fabricated 
from a single aluminum-alloy forging. Aero Digest, May, 1938, page 8. 

Oppositions and Exports. Table shows number, value and country buy- 
ing the complete airplanes of United-Kingdom manufacture which were 
exported from that country during 1937. Questions asked in Parliame =nt 
regarding export of airplanes are included. Aeroplane, April 27, 1938 
page 495, 1 table. 

Pan Am Receives Four Bids. Consolidated, Boeing, Douglas, and Sikor 
sky have submitted proposals to Pan American Airways on a 100-passenger 
transoceanic aircraft. It is said that none of the proposals involve a radical 
departure from current design practice. Reference is made to the proposed 
Seversky design which is said to be an almost identical reproduction of a 
design submitted by F. W. A. Knowl in 1933. Western Flying, May, 
1938, page 27. 


Preparedness in England. L. A. Codd. Study of England’s shadow 
factories. Army Ordnance, March-April, 1938, pages 285-288. 

Priorities. W. E. Niles. The equitable application of National Re 
sources in War. Army Ordnance, March-April, 1938, pages 289-292, 1 
illus. 


The Shadow Factories. A management fee of £300 for each airplane pro- 
duced is to be paid by the Government to the firms which are running the 
shadow factories, in addition to the net cost of each airplane. Summary of 
Report of the Comptroller and Auditor General on the Air Services Appro 
priation Account for year ended March 1937. Aeroplane, April 27, 1938, 
page 494. 


Air Forces 


Events Abroad. Short notes on Air Forces, maneuvers, and aircraft 
industry, and on events of aeronautical interest in Danzig, Denmark, 
France, Germany, Italy, Japan, Norway, Sweden, United States, and U. S. 
S.R. R.A.F. Quarterly, April, 1938, pages 222-226. 

The Supreme Command. Editorial comment against combining the 
British and French armies in case of war and the editor's theory of the next 
great war which he believes would come through an invasion of Central 
Europe by Russian armies. Aeroplane, May 4, 1938, pages 521-522. 


AMERICAN AIRCRAFT FoR GREAT BRITAIN 


Aeroplanes for the Royal Air Force. ‘‘The evident policy of the Air 
Ministry has been to cease the development of this type’’ four-engined heavy 
bomber ‘‘for manifest reasons which have led to its abandonment in other 
countries, and a sudden volte face on the matter seems in the last degree 
unlikely.’’ Editorial comment on Lord Winterton’s statement that it is 
proposed to place an order in the United States for heavy bombers. Diffi- 
culties which would arise from the purchase of aircraft of American design 
are pointed out. Aircraft Engineering, May, 1938, pages 127-128. 

Aircraft Makers Prosperous. West Coast aircraft manufacturers say 
that the English commission is here to talk business on at least three types 
of aircraft—-a Consolidated amphibian, the Douglas 8-18 bombers, and the 
Douglas flying boats. Importance of getting early deliveries is stressed 
Tricycle landing gear is said to be a feature of the Consolidated amphibian 
which interested the British aircraft experts. Comments on visit of British 
commission which hopes ‘‘to buy military aircraft ahead of the United States 
Government.’’ American statistics are given in regard to aircraft manu- 
facturs’ profits for the first quarter, gain in production and value, and in- 
creases in air transport traffic. Business Week, May 14, 1938, page 15, 1 


illus. 


AFGHANISTAN 


Chiswick to Caubul. 
eight of which were probably eg Hinds 
delivery. Aeroplane, April 27, 1938, page 496. 

Afghan Air Force Pupils. The Indian Government has agreed to train 30 
Afghan students for the Afghan Air Force, eight as pilots, eight as observers, 
twelve as mechanics, one as radio operator, and another as meteorological 
officer. Brief reference. Flight, May 12, 1938, page 475. 


Afghanistan recently bought 22 British airplanes, 
Brief note on means used for 


AUSTRALIA 


Australian Defence. Defence loan bill to authorize borrowing up to 
£10,300,000 was introduced in the Australian House of Representatives 
£3,715,000 to be allocated to the Air Force, £2,590,000 to the Navy, £1,955,- 
000 to the Army and £1,020,000 to munitions. Sir Edward Ellington, In- 

A. F, has been invited to report on expansion of 


spector General of the R. 
the R. A. A. F. Short editorial. Aeroplane, May 11, 1938, pages 561-562 
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CANADA 


Airplane and munitions orders are being placed in Canadian markets by 
Canadian, British, and French governments. Contracts closed or pending 
are said to be well in excess of $100,000,000. Canadian Car and Foundry 
Company will begin construction of a huge fleet of three-engined bombers 
for the British Royal Air Force immediately. Brief reference in note on 
Canadian iron and steel production. Iron Age, May 26, 1938, page 94. 


FRANCE 

Report of M. Paul Rives, Deputy, on the Air Budget for 1938. Tables 
give main points of the French Air Budget for 1936-1937 and 1938 and their 
respective proportions and compare budgets of France, Italy, England, and 
Russia in 1935-36, 1936-37, and 1937-38. Accident statistics for 1929-37 
for French military, commercial and private aviation are included. The 
report deals with Armée de 1|’Air in regard to combat formations, air ser- 
vices, aerial territorial units, and personnel. Passive and antiaircraft de- 
fenses are also discussed. Rev. de l’Armée de |’Air, February, 1938, pages 
181-198, 9 tables. 


GREAT BRITAIN 


Air Navigation and Modern Aircraft. Squadron Leader F. J. Fressanges. 
Necessity for training in and more extensive use of astronomical navigation 
for R. A. F. pilots who are said to be deficient in knowledge of this means of 
navigation. Danger of depending on radio during war times, and oppor- 
tunities offered for the practice of astronomical navigation by the nonstop 
England-Egypt flights now possible are pointed out. R.A.F. Quarterly, April, 
1938, pages 132-135. 

Concealed Movement. Problems connected with concealment of march- 
ing troops and ground transport from air reconnaissance and attack were 
studied in the combined British Army and Air Force Exercise held during the 
last of April. Questions asked the Staff were: whether movement should 
be by day or night; should marches be by irregular spacing or controlled 
irregularity; what would be the most suitable spacing for groups of vehicles 
with dimmed lights; how far can radio be used; and how should antiair- 
craft action be organized. Air reconnaissance at night was very effective. 
Short note. Aeroplane, May 11, 1938, page 569. 

Our Exasperating Experts. ‘‘Any number of minor Air Ministry officials, 
most of whom have had no workshop experience at all, and little or no ex- 
perience in the air, are allowed to alter designs in spite of the fact that every 
alteration may. hang up the production line of the machines for weeks... . . 
Another story is... that in all there have been 30,000 modifications i in the 
one machine.’ Brief editorial followed by another giving a short history 
of members of the R. A. F. Mission to America. Aeroplane, April 27, 1938, 
page 492. 

The Internal Organization of the Royal Air Force Unit. A suggested 
standard method for internal decentralization of command in units and 
stations, and application to the single-squadron station. An internal 
organization which the writer used is also described. R.A.F. Quarterly, 
April, 1938, pages 126-131 

A Libyan Desert Reconnaissance. Squadron Leader W. A. Tattersall. 
Reconnaissance flights undertaken in cooperation with a section of a Sudan 
Defence Force Motor Machine Gun Battery. R.A.F. Quarterly, April, 
1938, pages 136-144, 1 illus. 

A New Phase. ‘‘No. 111 (Fighter) Squadron from Northolt, with the 
Hawker Hurricane (Rolls-Royce Merlin) multigun fighter, may be said to 
be making Service history: as the first unit to be equipped with the ‘300 
plus’ monoplane fighter, they are busy evolving the new technique of aerial 
warfare which the type demands.’’ Photographs only of Hawker Hurricanes 
in flight and on the ground. Flight, May 5, 1938, pages 442d—442f, 4 
illus. 

R. A. F. Expansion. New scheme for expansion of the Royal Air Force 
involves a double-shift system in aircraft factories, extension of factory equip- 
ment, and building of new factories. Special interdepartmental supply 
committee has been formed to press forward the new scheme, which has been 
made possible by sound, preparatory work in connection with the ‘‘F”’ 
scheme. Brief note. Engineer, May 5, 1938, page 493. 

The School of Air Navigation. New scheme at Manston for full naviga- 
tional training of all Service pilots. Courses given and equipment used are 
described. Flight, May 12, 1938, pages 466b-—466d, 5 illus. 

Statement Relating to Defence. Statement presented by the Prime 
Minister to Parliament in March and surveying the progress achieved in 
regard to: industrial program for supplying the Navy, Army, and R.A.F. 
training of personnel; transfer to Fleet Air Arm control to the Navy; bone 
defence Air Force; balloon barrage scheme; protection against air raids; 
estimates of the Three defence departments; and new needs. R.A.F. 
Quarterly, April, 1938, pages 208-214. 

The Transfer of the Fleet Air Arm. Questions and answers in the House 
of Commons relating to transfer to control of the Admiralty. Brief note. 
Aeroplane, April 27, 1938, pages 504-505. 


JAPAN 

The Four Winds. Pair of new Heinkel He. 116 transports with four 240- 
hp. inverted-vee engines have been delivered to Japan for the Manchurian 
service. Brief reference. Flight, May 12, 1938, page 464. 


PHILIPPINES 


The Four Winds. Philippine Army has ordered nine Boeings. Six are 
to have Pratt and Whitney engines, three machine guns each, bombing 
apparatus and radio. Other three will be for training. Brief reference. 
Flight, May 12, 1938, page 464. 


SWITZERLAND 


The Defense of Switzerland. L. Hart. The air arm is being increased 
to provide a first-line strength of nearly 300 aircraft of new types built in 
Swiss factories. Brief reference only to the air force in a long discussion of 
defense measures _ taken in Switzerland. Army Ordnance, May~—June, 
1938, pages 330-34 


TURKEY 

The Four Winds. Special Koolhoven F. K.49 supplied to Turkey is 
intended solely for survey work and is powered by two new Ranger inv erted- 
vee engines driving Hamilton propellers Brief reference. Flight, May 12, 
1938, page 464. 


U.S. A. 


American Expenditure. ‘‘At the moment the U. S. Government has 
652 military aircraft on Kae and is in the process of contracting for 320 
more ....a wider group of manufacturers will now be affected, notably the 
deserving Bell, Seversky and Grumman concerns. . “he War Depart- 
ment is now engaged on a plan to prov ide three spare engines for every four 
in service... . recent appropriation of £600,000 for a naval dirigible the 
size of the Los Angeles is interesting.’’ Brief note. Flight, April 28, 1938, 
page 425. 

Florida Scene of Maneuvers. Army tests of the ability of a large mobile 
air force to sustain itself and to operate efficiently in an area hundreds of 
miles from permanent bases, depending entirely upon local supply. Brief 
note on organizations taking part. Western Flying, May, 1938, page 25. 

Our Maintenance of Air Power. Major General Oscar Westover. Re- 
sponsibilities of the Army Air Corps and industry. The five years of de- 
velopment work required in the procurement of a new type of military air 
plane; obsolescence-and-loss rate of airplanes engaged in war operations; 
procurement problems in regard to tooling up for aircraft production; 
training of men for cooperation between the military and industry; and the 
most interesting experiment: al developments in the Materiel Division in 
regard to aircraft, —. equipment, andradio. Army Ordnance, March- 
April, 1938, pages 269, 3 illus. 

Pitcairn Secake | on = Gates before House Committee. General West- 
over's testimony before the Committee, also quoted, recommends that any 
experimental work conducted by the Government should not be confined to 
the autogiro alone. Two rotary-wing planes and a slow high-lift airplane 
offer possibilities for taking off and landing in limited areas. Autogiros are 
not heavy enough to accommodate communication facilities when used for 
observation purposes but are a great improvement over balloons. Vulner 
ability of the autogiro has not been determined in war maneuvers. 

H. F. Pitcairn stated that the War Department, in carrying on proposed 
experimental work with autogiros should take advantage of the $3,500,00 
already spent in development rather than starting from scratch. Auto- 
motive Industries, May 7, 1938, pages 616, 648 

Scouting the Squadrons. Today although in quality of equipment and 
personnel the G.H.Q. Air Force is second to none in the world, in quantity 
of equipment and personnel it has less than half the strength the conserva- 
tive recommendations of the War Department board called for in 1933. . 
instead of the 800 or more ships needed, the Air Force is now operating with 
369 planes, divided into 142 attack, 88 bombers (20 assigned to reconnais- 
sance squadrons) and 149 pursuits.’’ Excerpts from D. Lyman’s interview 
with General Andrews. Aviation, May, 1938, page 63. 

‘‘Semper Paratus.’’ D. Sayre. Coast Guard aircraft flew 780,545 miles 
logging over 9000 hours during the year ending June 30, 1937. There are 
now 49 planes in service and ten more are due for delivery in coming months. 
Besides 19 enlisted pilots, 43 officers are designated as full Coast Guard 
aviators. Development of the Aviation Division of the U. S. Coast Guard, 
training of personnel, operations, procurement of airplanes, and the future. 
Aviation, May, 1938, pages 22-25, 68, 17 illus., 1 table. 

Chronicle. Flight of the six YB-17 bombers to South America, in which 
the Cyclone engines with two-speed superchargers are said to have proved 
especially satisfactory for take-offs and high-altitude flying; Air Corps bids 
for a two-engined attack bomber; and installation of a stainless-steel wing 
on an observation amphibian. Brief notes. Army Ordnance, May-June, 
1938, pages 372-373. 

U.S. Army L/A Policy. ‘‘General Westover is himself an airship pilot and 
a convinced believer in airships, and the Balloon Section of the Army Air 
Corps is experimenting with motor balloons.’’ Brief reference to the C.6 
and to General Westover’s announcement that the Army would have to 
abandon the use of airships. Airship, April-June, 1938, page 14. 





U.S.S 


Air Infantry in U. S. S. R. General Niessel. Individual training of 
parachute jumpers; jumping from high towers; physical qualifications 
necessary for the jumper; value of parachute jumps in enemy terrain at 
night; method of opening parachutes; and landing of jumpers near a hostile 
air force under the protection of pursuit airplanes. Abstract from La 
France militaire, December 17, 1937. Luftwehr, March, 1938, pages 97-98 


Air Warfare 


Air Lessons from Current Wars. Brig. Gen. H. H. Arnold. Comments 
on current wars in answer to critics of air power. Deficiency shown in 
air fighting has not been inherent in the airplane and Air Forces, but has been 
because those real Air Forces did not exist. While no lesson on the power 
and limitations of Air Forces can be drawn from the Spanish conflict, some 
subsidiary things can be learned concerning employment of aviation in 
cooperation with ground troops. Troop transport by air can be expected 
to play a tremendous part in any future war. Civil airplanes cannot be 
used effectively for military purposes. Over China the airplane has dem- 
onstrated repeatedly that it is a vital weapon for cooperation with ground 
arms. Military commanders on both sides have used it extensively for re- 
connaissance, regulation of fire, transport of men and materials, and in place 
of artillery. Air Force operations have occurred less frequently. Ex- 
amples are given. 

The U.S. Army Air Corps i is said to be inferior to Air Forces of some other 
nations in regard to quantity, although as to quality our airplanes and en- 
gines hold their own with those found elsewhere, and our airmen—our com- 
bat crews—have no equal anywhere in the world. Plan for 2320 airplanes 
by June 30, 1940, with trained combat crews and air bases is referred to. 
U.S. Air Services, May, 1938, pages 16-18, 32, 1 illus. 

Forecasts from the War in Spain. E. Canevari. Lessons based on tech- 
nical and tactical experience. The last part of the article, devoted to air 
warfare, discusses the necessary qualifications and the results of practical 
experiences gained in Spain. Assault or attack aviation has proved itself 
most formidable. Straight or diving attack against troops has proved itself 
of highest efficiency and has had great demoralizing effect upon troops. 
Natural aircraft development leads towards creation of various tactical 
specialties. Number of aircraft cannot completely compensate for de- 
ficiency in quality. Army Ordnance, March-April, 1938, pages 273- 
280. 

Pursuit Against Modern Bombers. Captain Pigeon. Minimum dis 
tances of fire proposed for the pursuit to adopt according to the number of 
adversary machine guns are represented by a graph. Simultaneous attacks 
will always be superior to successive attacks and essential quality of an 
airplane’s armament is not its firing potential but its firing speed. 

Probable physiognomy of the combat between modern pursuits and bom 
bers, and of the fire for each adversary is discussed. Pursuits considered 
have a speed of 450 km. /hr., and 1 square meter of projection of vulnerable 
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surface perpendicular to the longitudinal axis, and are armed with two or 
four machine guns, or two cannons. Bombers have 378-km./hr. speed, and 
5 or 10 square meters of projection of vulnerable surface. Analytical sum- 
mary of the combat is given and probability of a hit, probability curves, and 
their interpretation are discussed. Various cases ‘of combat between dif- 
ferently armed pursuits and different numbers of bombers are considered. 
Fire from cannon is described for each of the cases, and cannons and machine 
guns are compared. Rev. de l’Armée de l’Air, February, 1938, pages 125- 
142, 8 illus., many equations. 

Antiaircraft Weapons in Foreign Countries. Caliber, caliber length, 
initial velocity, range, maximum angle of elevation, rate of fire, and weight 
are given in a two-page table for antiaircraft guns of all the countries, as of 
April 1, 1938. Luftwehr, April, 1938, pages 162-163, 1 table. 

Replies to ‘‘Hep! Hep!’’ Answers to Major Sheppard's recent article 
questioning the effectiveness of the airplane’s offensive weapons and its 
prolonged use in the next war are given by some of the R.A.F. personnel. 
R.A.F. Quarterly, April, 1938, pages 150-163. 

Selection and Training of Personnel for the Home Air Defense. General 
Niessel. Active means for defense against enemy air forces, passive means 
used to prevent damage and loss of personnel, and training ‘of personnel to 
carry out these measures. From Revue Militaire Générale, December, 
1937. Luftwehr, April, 1938, pages 156-160. 

Some Aspects of Air Raid Precautions (A. R. P.) Maj. Gen. H. Rowan- 
Robinson. Armor-piercing, semi-armor piercing, or non-armor piercing 
bombs filled with high-explosives, gas or thermite may be used in attack and 
freight of airplanes may consist of bombs large or small, or of liquid spray. 
Use of each of these is considered. Discussion also includes: elimination of 
panic by enlightenment of the public and evacuation of cities; reduction of 
casualties and various types of shelters; use of subways for evacuating 
civilians; methods of dealing with fires and use of aircraft for this purpose; 
camouflaging and smoke to deceive hostile airmen; direction of precau- 
tionary measures and training of relief personnel; and duties of the central 
authorities. R.A.F. Quarterly, April, 1938, pages 113-125. 

Air Warfare or Cooperation? Oberstleutnant H. von Rohden. Question 
of whether the air force should be used independently or in cooperation ‘/?_~ 
the army and navy is considered. Operations in Manchukuo in 1931, 
Shanghai in 1932, Ethiopia in 1935-36, in China in 1937-39 and in Spain i 
1936-38 are described in detail. Maps, and photographs of some of the 
Italian, Japanese, Chinese, and Russian aircraft participating are included. 

On the basis of the experience gained in these operations the author con- 
cludes that it will be unsuitable to use the air force as a means of warfare 
carrying out its war independently. He does not believe that the air force 
alone can decide a war. He objects to the requirement of regarding the air 
force as an organic constituent of the army and navy since the uniqueness of 
its technique and the effect of its weapons in the three-dimensional space 
remains ineffective for warfare as a whole when it is bound to ground or 
naval fronts. Luftwehr, April, 1938, pages 128-147, 17 illus. 
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Miscellaneous 


Broadbent Again. By flying solo between Darwin and Lympne in 5 
days 4 hours 21 minutes, H. F. Broadbent has beaten Jean Batten’s record 
by 13 hours and 54 minutes. He was flying a specially tanked v.p. Vega 
Gull. Short account of flight and list of equipment. Flight, April 28, 
1938, page 430, 1 illus., 1 table. 

The Contributions of the Wright Brothers to Aeronautical Science and 
Engineering. G.W.Lewis. Contributions to aeronautical science extended 
into the fields of airfoil theory, propeller theory, and fundamental principles 
of control and stability of flight. Engineering contributions include de- 
velopment of simple and reliable machanical methods of applying the correct 
solutions to the fundamental problems of human flight. Problems tackled 
by the Wright Brothers, their solutions and applications as the basis of pre- 
sent research. U.S. Air Services, May, 1938, pages 12-15, 3 illus. 

University of Detroit Laboratories. J. Geschelin. Aerodynamics labora- 
tory and static testing equipment used in solving aeronautical and auto- 
motive problems for the industry. Automotive Industries, May 14, 1938, 
pages 660-662, 3 illus. 

Viewing the Aircraft and Boat Show in Los Angeles. 
plays. U.S. Air Services, May, 1938, pages 26-28, 3 illus. 
ing, May, 1938, pages 10, 23, 9 illus. 

The R.Ae.S. Garden Party. Account of the flying and static displays. 
Among the photographs are illustrated the Marendaz Mark III four seater 
(Gipsy Six engine) and the new Fairey fully-feathering hydraulically operated 
propeller. Flight, May 12, 1938, pages 458-463, 12 illus. 

Comments on the flying displays and account of party. 
and products they displayed is given in a second article. 
May 11, 1938, pages 563-565 and 589, 12 illus. 

Ear Saver for Pilots. Aeronautical Radio filter placed in series with head- 
phones prevents excessive voltages from reaching headphone diaphragms 
and levels off headphone volume surges. Brief reference. Western Fly- 
ing, May, 1938, page 32. 

Non-Glare Lenses. New lens of the Bausch and Lomb Ray-Ban goggles 
for pilots is opaque to ultraviolet and infrared radiations but completely 
transparent to yellow and yellow-green radiations. Brief reference to re- 
-—_ indicated by Wright Field tests. Aero Digest, May, 1938, page 84, 

illus, 

Fire Protection for Aircraft. Alfite carbon-dioxide aircraft system, an 
American-La France-Foamite Corporation product. Operating head is 
fully mechanical and is locked in a set or loaded position so that vibration or 
jar cannot cause it to operate. In normal position discharge line from the 
cylinder is directly connected to the atmosphere through a self-indicating 
device located in the skin of the ship. Few details and drawing. Aero 
Digest, May, 1938, page 82, 1 illus. 
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